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Photonuclear  Data-Abstract  Sheets 
1955-1982 


ij  I.  Introduction 

I As  used  in  connection  with  this  collection  of  data-abstract  sheets,  the  term 
I,  photonuclear  data  is  taken  to  mean  any  data  leading  to  information  on  the  electro- 
magnetic matrix  element  between  the  ground  state  and  excited  states  of  a given  nuclide. 
The  most  common  types  of  reactions  included  in  this  compilation  are:  (e,e‘),  (y,y)» 

M jY  )*  m»pK  W6ll  as  ground-state  particle  capture  reactions,  e«g. 

t“>Yo^*  Two  reactions  which  fit  the  matrix  element  criterion  are  not  included  in 
i the  compilation  because  of  their  rather  special  nature.  These  are  heavy  particle 
I Coulomb  excitation  and  the  thermal  neutron  capture  reaction  (n,Yn) • While  the  energy 
region  of  particular  interest  extends  from  0 to  150  MeV,  papers  are  indexed  which 
report  measurements  in  the  region  from  150  MeV  to  4 GeV.  Most  of  the  experiments 
I listed  are  concerned  with  the  excitation  energy  range  from  8 to  30  MeV,  the  region 
of  the  photonuclear  giant  resonance. 

i • k hierarchical  grouping  of  the  photonuclear  data-abstract  sheets  within  the  file 
-V*  1*  Target  Element,  2.  Target  Isotope,  and  3.  by  the  Bibliographic 

ReferenceCode  assigned  to  the  paper  from  which  the  data  on  the  sheet  were  abstracted, 

I In  this  file,  colored  pages  are  used  to  mark  the  beginning  and  end  of  the  sheets  for 
each  chemical  element.  A brief  historical  sketch  of  the  element  is  given  on  the  divider 
sheet  marking  the  start  of  each  section;  the  information  for  this  sketch  was  derived 
from  references  such  as  the  Encyclopaedia  Britannica.  In  those  cases  where  the  sheets 
for  a given  element  make  up  a major  part  of  a volume,  colored  pages  are  also  used  to 
! delineate  sections  pertaining  to  the  individual  isotopes  of  the  element.  Each  of  the 
;j  sections  of  the  file,  as  delineated  by  two  colored  divider  sheets,  represents  a27year 
' history  of  the  study  of  electromagnetic  interactions  in  either  a specific  nuclide  or  a 
I specifc  element. 

The  data-abstract  sheets  are  filed  under  the  element  and/or  isotope  in  which  the 
-ground-state  electromagnetic  transition  takes  place.  For  example,  the  abstract  sheet 
for  a total  neutron  yield  measurement  for  a naturally  occurring  copper  sample  would 
in  the  elemental  section  of  the  copper  file.  On  the  other  hand,  a measurement 
of  the  o^Cu  9.73  minute  positron  activity  produced  in  the  same  sample  by  photons 
with  energies  below  the  three-neutron  separation  energy  for  65cu  (28.68  MeV)  would 
be  filed  with  the  sheets  for  °^Cu.  Similarly  a measurement  of  the  ground-state 
neutron  capture  cross  section  in  12c  would  be  filed  under  13c  while  the  corresponding 
ground-state  alpha-particle  capture  cross  section  would  be  filed  under  l^o. 

i At  the  end  of  this  volume  there  is  a master  list  of  the  abbreviations  that  have 

^;been  used  in  the  index  section  of  the  abstract  sheets.  The  listings  are  those  used 
jin  the  final  published  index,  Photonuclear  Data  Index,  1973-1981,  NBSIR  82-2543, 
issued  in  August  1982  by  the  U.  S.  Department  of  Commerce,  National  Bureau  of  Standards* 
.Washington,  DC  20234.  In  some  cases  two  notations  are  entered  for  the  same  quantity! 
iThe  second  entry  is  the  abbreviation  that  was  used  in  one  or  more  of  the  earlier 
published  editions  of  the  index. 
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ALUMINUM 

Z=13 

Aluminum  derives  its  name  from  the  Latin  alumen  a naturally  occurring 
aluminous  sulfate  that  was  used  as  an  astringent  and  mordant  at  least  as 
early  as  the  5th  century  B.C.  Hans  Christian  Oersted  is  credited  with 
having  been  the  first  to  prepare  the  metallic  aluminum.  This  he  did  in 
1825  by  chemically  creating  an  aluminum  amalgam  and  distilling  off  the 
mercury.  Oersted's  results  were  published  in  an  obscure  Danish  journal 
and  made  little  impact  on  the  scientific  community.  Friedrich  Wohler 
(1800-1882)  improved  upon  the  process  and  in  1845  he  was  able  to  make 
large  droplets  of  the  metal  and  determine  some  of  its  physical  properties. 
The  first  pure  sample  was  not  made  until  1854;  the  French  chemist  Henri 
Sainte-Cl aire  Devi  lie  (1818-1881)  improved  Wohler's  method  and  developed 
it  into  a successful  commercial  process  until  the  advent  of  the  cheaper 
electrolytic  method.  This  process  was  introduced  by  Charles  Hall  of 
Oberlin  College,  Ohio,  and  Paul-Louis-Toussaint  Heroult  (1803-1914)  of 
France.  Both  were  22  years  old  at  the  time;  both  independently  and  almost 
simultaneously  discovered  and  patented  the  process.  It  remains  to  this 
day  the  only  method  by  which  aluminum  is  produced  in  commercial 
quantities . 
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Ref.  N.H.  Gale;  N.  Tubbs,  N.  Nath,  A.T.G.  Ferguson 
Phys.  Letters  ^ 3^4-5  (1963) 
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Method 


Van  de  Graaff;  plastic  scintillator;  pulsed-beam,  delayed 
coincidence  technique 


Ref.  Noo 

65  Ga  1 


JHH 


Reaction 


E or  AE 


(7dE 


J >r 


Notes 


Mg^^(p,Y) 


0.825 


oMo 


Lifetime  of  0.4>50  MeV  level  given  in 
Table  I,  below. 


Table  1 


Isomeric  level 

(na) 

Reference 

Al^S*  (450  keV) 
Al26*  (418  keV) 

2.6  + 0.4 
2.71  ± 0,14 
3.33  ± 0.07 
3.25  i.  O.IS 

1,77  1 0.07 
1.8S  + 0.09 

1) 

2) 

3) 

present  work 
2) 

present  work  | 

1)  A.T.G.  Ferguaon,  M.A.  Grace  aad  J.O. Newton,  Nucleara 

Phys..  17  (I960)  1.  , j 

2)  S . Gorodetzky  et  ai. , Proc.  of  the  Conf.on  Electro-  i 

magnetic  Lifetimes  and  Properties  of  Nuclear  States,  J 
Gatlinburg  (1962),  p;79.  ] 

' 3)  C.L.McClellandandJ.Lowe,  Proc.of  the  Conf.on  « 

Electromagnetic  Lifetimes  and  Properties  of  Nuclear 
States,  Gatlinburg  (1962),  p.  78.  ’ 

^ ^ 
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68  Mo  2 


HMG 


1 REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYRK  RANOK 

TYPE  RANGE 

1 P,G 

LFT 

8.0 

D 6.0 

SCD-I 

DST 

i 

(7.916.7.985) 

(5.864,5.936) 

G- WIDTH 


Table  I.  Partial  widths  for  the  various  *y-ray  transitions  from  P=*  § to  J states  that  were  observed  in  the  present  work.  The  ratie 
of  the  observed  width  to  the  single-particle  estimate*  is  given  under  the  heading  | iW  [•.  Where  the  E2  admixture  is  not  determined^ 
there  are  three  dots  in  place  of  the  ^propriate  entry  and  the  transition  was  assumed  to  be  pure  if  1. 


Nucleus 

r. 

a* 

!■ 

(MeV) 

(eV) 

{E2/MD 

Al» 

7.916 -*0 

fT-JT 

0.82 

0.087 

0.06 

0.4 

Al“ 

7.916 -»  0.949 

0.16 

0.025 

e • • 

t ♦ 

Al» 

7.916 -*1.610 

1.02 

0.21 

» • . 

• •• 

AI« 

7.985 -*0 

1.06^  5.76« 

0.11"  0.60* 

0.045 

0.4"  2.2" 

Al» 

7.985 -*0.455 

OJl"  1.14* 

0.025"  0.14* 

. • • 

• • • 

Al“ 

7.985  — 0.949 

0.23i>  1.25* 

0.030"  0.16« 

• . • 

. F * 

P» 

8.374—1.277 

0.16 

0.024 

. • . 

• • • 

P» 

8J74  — 2.027 

jT-JT 

0.42 

0.088 

• •• 

• F • 

P» 

8J74  — 2.425 

0.22 

0.055 

... 

... 

• Reference  14. 

^ by  use  oT  the  value  Tm/P  from  Ref.  10. 

* Derived  by  ute  of  the  electron  ecatteriag  data  ojf  Ref.  13. 
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Fig.  4.  Exciution  function*  at  Oj  = 0“  and  90*  for  the  transiliona  to  the  452  keV  state  (a)  and  2485  keV  state  (b).  The  solid  and  dashed  lines  represent  besl. 
fits  to  the  data  (subsects.  3.2  and  3.3).  Excitation  functions  at  d,  90"  for  the  transitions  to  the  ground  slate  and  to  the 945  keV  state  are  shown  in  (d)  and  (c). 
The  solid  lines  represent  the  best  fits  to  the  data  {subsects.  3.4  and  3.5).  The  insets  show  the  anisotropy  of  these  transition*  as  observed  at  - 2.I-2.3  MeV 

and  the  model  predictit~«ns  for  ^ 2 (solid  line). 
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Tablr  1 


Direct  capture  crow  sections  Tor  **Mg(p,7)^^AI  at  823  keV  and  absolute  spectroscopic  factora 


Transition 

(keV) 

Direct  capture 
*‘Mg(p.y)«Al 

Stripping 

Theory  0 
(Nilsson  model) 
C’S 

’*Mg(d,n)”AI 

’*Mg(d,p)“Mg 

<r«»  (/rh) 

»!»..*)  (Mb) 

«4 

C’5‘) 

C’S*) 

C’S*) 

C’S') 

C‘S*) 

C’S*) 

»j=«2.0 

2J 

3.0 

DC-  0 

0.008  ±0.002 

0.077 

Id 

0.10±0.03 

0.18 

0.58 

0.60-0.42 

0.26 

0.40 

0.33 

0.33 

0.33 

DC-  452 

0.052  ±0.011 

0.12 

2s 

0.43  ±0.09 

0.42 

0.85 

0.50-0.44 

0.17 

0.76 

0.62 

0.52 

0.44 

DC-  945 

0.004  ±0.001 

0.0.15 

Id 

0.1 1 ±0.03 

0.14 

0.45 

0.14-0.32 

0.12 

0.42 

0.13 

0.16 

0.18 

1>C  - 2485') 

0.005+0.001 

0.058 

2s 

0.08  ±0.02 ') 

0.065 

0.18 

0.18 

0.27 

0.35 

*)  Square-well  potential  with  ro  » 1.36  fm  [ref. ')]. 

*)  Experimental  erron  only. 

^ Bound-state  formalism  a.vsumed. 

*)  E4  = 2.3  MeV  [ref. ')]. 

T Ei  = 7-10  MeV  [ref.’)]. 

')  £’j  = 5-6McV  [ref.")J. 

•)  £•<=.  15  MeV  [refs. '’•*’)]. 

*)£;,=  10  MeV  [ref.*)]. 

*)  From  the  observed  proton  width*)  of  r,  ~ II  ±2  meV,  a valueoft:’5=a  0.0S±0.01  isdeduved  at  ro  » 1.36  fm. 
^ Ref.% 


1)  C.  Rolfs,  Nucl.  Phys.  A217  (1973)  29 

2)  O.  Dietsch,  D.  Wilmore  and  P.  E.  Hodgson,  NucL  Phys.  A106  (1968)  527 

2 A a,  B.  Smith,  Nucl.  Phys.  86(1966)  353 

4)  A.  Schetb,  A.  Hofmann,  G.  Philipp  and  F.  Vogler,  Nucl.  Phys.  A203  (1973)  177 

5)  P.  M.  Endt  and  C van  der  Leun,  Nud.  Phys.  A2I4  (1973)  1 

£ puSrf*“"’  ^ Toronto  (1973).  and  to 

7)  P.  B.  Oworkin,  Thesis,  Univ.  of  Toronto  (1974) 

8)  M.  Piiparinen,  Z.  Phys.  252  (1972)  206 

9)  ^ E.  UAerlan^  E.  B.  I^ul,  G.  A.  Bartholomew  and  H.  E Gove,  Phys.  Rev.  102  (1956)  208; 

im  A H.  McMam^  E B.  Paul,  D.  A.  Bromley  and  H.  E Gove,  Can.  J.  Phys.  36(1958)  378 

’ mlJX;  “*•  «•  ="“«»  «»<  E.  V,p 

13)  E.  Rost,  Phys,  Rev.  154  (1967)  994 
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REF. 


D.W.O.  Rogers,  N.  Anyas-Weiss,  S.P.  Dolan,  N.A.  Jelley, 
T.K.  Alexander 
Can.  J.  Phys.  55,  206  (1977) 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  range 

PrG 

LET 

7-  8 

D 5,  6 

SCD-D 

DST 

7.90  AND  7.97  MEV  STATES 


Fig.  2.  (a)  Ar;:ular  distributions  of  y decays  from  the  7901  keV  level.  Solid  lines  are  best  fits  for 
/ = 5/2.  (b)  Angular  distribution  of  y decays  from  the  7969  keV  level.  Solid  line  is  best  fit  for  J = 3/2. 


Table  4.  Branching  ratios  from  the  T = 3/2  levels  in  ^’Al 
compared  with  previous  results 


Transition 

Present  Morrison  et  al.  (1968) 

7901  0(5/2*) 

50  ± 3 

41  ± 5 

451(1/2*) 

<3 

— 

945(3/2*) 

13  ± 2 

8 + 5 

1612(7/2*) 

37  + 3 

51  ± 7 

7969  0(5/2*) 

100 

71  ± 7 

451(1/2*)  • 

<5 

14  ± 4 

945(3/2*) 

<5 

15  ± 5 

1612(7/2*) 

<5 

— 

Tahi.e  2.  Radiative  widths  and  estimates  of  F,  for  the  T = 3/2 
resonances  in  ^’Al 


Level 

(MeV) 

toy  = i(2J  + 

i)rp,r,/r  (ev> 

Present  Nioi  risen  e?  af.  (1968) 

r,  (eV)« 

7.93 

7.97 

0.25  ± 0.06 
0.40  ± 0.09 

1.0  ± 0.5 
1.5  ± 0.8 

0.50  ± 0.13 
0.40  ± 0.12 

•AiSuming  J =■  5/2  and  j/2  resp«:uvc!y. 


Table  3.  Mixing  ratios  and  implied  transition  strengths  for  the  decay  of  the  T — 3/2  levels  in  ^’Al  and  a comparison 

to  shell  model  calculations 


Morrison,  G.C.  et  al., 
Phys.  Rev.  174,  1366 
U968)  . 

Sogers,  D.W.O. , Nucl. 
Instnan.  Methods  127 , 
253  (1975) . 
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Expt.  Theory'’ 


Transition 

6* 

MI 

E2 

Ml 

E2 

7901  -»  0(5,2*) 

5/2 

0.9 

-0.02  ± 0.03 

0.024  ± 0.006 

<0.007 

0.24 

0.26 

7901  - 945t3/2*) 

5<2 

1.7 

-0.07  ± 0.06 

0.009  ± 0.002 

<0.02 

0.07 

0.025 

7901  -*  1612(7/2*) 

5/2 

8.6 

-0.08  ± 0.06 

0.035  ± 0.008 

<0.1 

0.22 

0.003 

7969  - 0(5/2*) 

3/2 

1.9 

-0.11  ± 0.02 

0.C42  ± 0.012 

0.05  ± 0.C2 

N/A 

•ETors  are  given  usins  the  + I mle  corresponding  to  6S^  enrSdiner  iinti.s  (see  ,.g„  Sogers  (197S)). 
•Ti.mmer  et  al.  (1976i),  using  their  ASUI  interaction  results. 
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Ref.  D.R,  Neher,  F.W.  Prosser,  Jr,,  R,W,  Krone 
Nuclear  Phys.  31.  251  (1962) 


Elein,  Sym. 


A 


Z 


ki 


26 


15 


Method 

Protron  capture;  Nal 


Reaction 


Mg^^(p,Y) 


E or  AE 


O.95-I.8C 


s 


<7d  E 


J w 


Po 


7.220 

7.289 

7.3^5 


7.36^ 

7.396 

7.^7 

7.^2k 

7.626 

7.829 

7.889 

7.951 


Ref.  Noo 


62  Ne  2 


JHH 


Notes 


0.956  MeV  5^  to  ground  state, 
1,027  MeV  65^  to  ground  state. 
1.086  MeV  27^  to  ground  state. 
1,105  MeV  8^  to  ground  state, 
I0I59  MeV  9^  to  ground  state, 
1,150  MeV  17^  to  ground  state, 
1.168  MeV  57^  to  ground  state. 
1.378  MeV  ik^o  to  ground  state. 
1.589  MeV  7^^  to  ground  state. 
1,651  MeV  kkff)  to  ground  state. 
1,716  MeV  82^  to  ground  state. 
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tilj.  3.  Energy  levej  Jugram:i  (or  2Urvaonaiices  in  the  reaction  y).M**.Thce:»tab)LshmeaSol* 

y.ray  by  a coincidence  measurement  has  been  indicated  by  placing  a dot  at  the  level  (rom  whick 
such  a y-ray  originates  The  dasbtxl  Une«  represent  traosiuoos  the  eaistence  o|  which  is  uocsrtaia. 


Ref.  N.H.  Gale,  N.  Tubbs,  M.  Nath,  A.T.G.  Ferguson 
Phys.  Letters  ^ 54-5  (I963) 


EI«si.  S^. 
A1 


Ref.  No. 


26 


13 


Method 


Van  de  Graaff;  plastic  scintillator;  pulsed-beam,  delayed 
coincidence  technique 


63  Ga  1 


JHH 


Reaction 


E or  AH 


<7d  E 


Notes 


Mg^^(p,Y) 


1.00 


0.i<-l8 


Lifetime  of  0.i<-l8  MeV  level  given  In 
Table  I,  below. 


Table  1 


Isomerlo  level . 

Tm  (os) 

Reference 

Al^S*  (450  keV) 

2.6  +0.4 
2.71  ± 0.14 
3.33  ± 0.07 
3.25  ±0.15 

1) 

2) 

3) 

present  work 

A128*  (418  keV) 

1.77  + O.OT 
1.86  + 0.09 

2) 

praaent  work 

1)  A.T.G.  Fergiuon,  M.A.Grace  aad  J.O.Narwtoo,  NuoImt 
Phy«.  17  (I960)  1. 

2)  S , Gorodetzky  et  al. , Proc.  of  the  Conf.  on  Electro- 
magnetic Lifetimes  and  Properties  of  Nuclear  States. 
Gatlinburg  (1962),  p.79. 

3)  C.  L.  McClellandand  J.Lowe,  IToc.of  the  Conf.  on 
Electromagnetic  Lifetimes  and  Properties  of  Nuclear 
States,  Gatlinburg  (1962),  p.  78. 
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REP.  NO. 

74  De 

9 

egf 

REACTION 

RESULT 

EXCITATION 

ENEROV 

SOURCE 

DETECTOR 

ANOLE 

TV^C  RAMaK 

TVPK  RAMaC 

P,G 

LFT 

6~  8 

D 0-2 

SCD-D 

DST 

Table  1 


Energies  and  strengths  of  '*Mg+p  resonances  for  < 2 MeV 


E,  (keV)  S- 

={u-\)ryrjr] 

(eV> 

1 E,  (keV) 

s=.  {2jJri)rjrjr‘) 

(eV) 

present 

experiment 

ref.  *») 

present 

experiment 

ref.  **) 

Pi 

316.6±0.7 

316.4±0.5 

0.2 

985.7±0.6 

988  ±3 

2.6 

0.2 

387.4±A6 

390.0±0.5 

0.3 

1025.2  ±0.7 

1027  ±1 

0.8 

0.006 

433.0±0.6 

435.1  ±0.7 

0.67±0.10*) 

1042.4±0.7 

1043.7  ±0.6 

3.5 

496.1  ±0.6 

496.5  ±0.6 

0.5 

1084.3  ±0.7 

1085  ±2 

2.3 

o.ot 

502.1  ±0.6 

501.7±0.8 

0.4 

1102.6±0.7 

1105.9±1.3 

0.9 

0.006 

514.3  ±0.6. 

514.5  ±0.6 

0.3 

11 37.3  ±0.7 

1137.3±1.0 

3.1 

0.2 

532.5  ±0.6 

532.8±0.5 

0.1 

1148.4±0.7 

1149  ±2 

1.9 

0.02 

535.4±I.O 

1164.3  ±0.7 

1165  ±2 

0.9 

0.02 

568.0±0.7 

566.3  ±0.7 

2.0 

1183.7  ±0.7 

(1186  ±3) 

(10) 

570.5±1J 

1195.2±0.7 

1196.6±0.7 

2.0 

0.9 

591. 9 ±0.7 

591.7±0.4 

1.7 

1205.4±0.7 

1209  ±5 

2.4 

0.1 

654.9  ±0.7 

655.7  ±0.8 

0.2 

1238.2±0.7 

1238.3  ±0.8 

3.9 

16 

684.6±0.7 

684.0±0.8 

3.1 

1283.8  ±0.7 

1284.8±0.6 

3.6 

strong 

n\.i±oj 

723.9±0.5 

1.5 

1302.1  ±0.7 

2.2 

yes 

0.04 

736.2±0.7 

0.3 

1306.5±0.7 

1305.4±0.5 

4.1 

yes 

0.2 

773.7±0.7 

778.1  ±0.7 

I.l 

1337.7±0.7 

1332 

yes 

810.7±0.7 

811.9±0.7 

1.4 

1342.3  ±0.7 

(1341) 

yes 

818.1  ±0.7 

0.1 

1351.6±0.7 

(1354  ±3) 

yes 

834.6±0.7 

0.3 

1370.9  ±0.7 

yes 

879.8  ±0.6 

883.2±0.7 

1.7 

1375.5  ±0.7 

1376  ±2 

strong 

yes 

888.0±0.8 

890.8±1.5 

0.3 

1514.7±0.7 

yes 

yes 

yes 

895.1  ±0.8 

(903  ±4) 

0.4 

1525.6±0.7 

1531  ±4 

1.3 

4.1 

0.3 

927.6  ±0.6 

929.5±0.6 

1.8 

1568.5  ±0.7 

1573  ±4 

strong 

952.7±0.6 

956  ±2 

3.3 

1587.5  ±1.0 

1592  ±5 

3.2 

0.4 

968.1  ±0.8 

970  ±2 

0.2 

1633.6  ±1.7 

2.4 

1.7 

1639.1±1.7 

1638  ±4 

strong 

1651.1  ±0.8 

1652  ±4 

14 

5.0 

0.3 

1700.5  ±1.2 

1701 

10 

6.5 

43 

1716.1  ±1.4 

1713  ±4 

17 

1.1 

0.5 

*)  Present  experiment;  errors  are  of  the  order  of  30  %. 
Ref.  “). 


^^P.M.  Endt  and  C.  van  der  Leun,  Nucl.  Phys.  A105  (1967)  1 
^^G.A.P.  Engelbertink  and  P.M.  Endt,  Nucl.  Phys.  ^ (1966)  12 
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Gomm*  decay  of  *’Mg(p,  y)“AI  resonance*  (the  total  decay  to  the  triplet  at  £;  = 2.07  MeV  is  given) 


Decay  in  percentage*  to  E,  (MeV)  in  **At  - 


£.•) 

J’’) 

0 

0.23 

0.42 

1.06 

1.76 

1.85 

2.07 

2.36 

2.33 

2.66 

other  levels 

(IteV)  (UV) 

3* 

0*  (r-  1) 

3* 

!♦ 

1* 

1* 

3* 

Z* 

(2.  3)" 

£.(%) 

317 

6609 

2,3 

< 0.4 

< 0.3 

34 

< 0.9 

18 

< 0.4 

7 

2 

2.91(3),  3.16(13),  3.60(4). 
3.750(1),  4.19(18) 

.187 

6677 

1.2,3 

< 0.2 

1 

8 

3 

< 0.7 

6 

21 

3.16(7),  4.19(30),  4.55(4). 
4.60(18),  5.54(2) 

433 

6721 

3*. 4 

51 

< 0.3 

30 

< 0.3 

< 0.2 

< 0.5 

1 

2 

4.19(7),  4.60(5),  4.71(4) 

496 

6782 

3 

< 0.3 

< 0.3 

2 

< 0.8 

IS 

< 1 

23 

1 

2.91(4),  3.07(10),  3.16(32). 
4.19(6),  4.55(7) 

502 

6788 

2 

< 0.5 

< 0.5 

52 

< 0.9 

16 

< 0.4 

5 

3.16(8),  3.60(1),  3.68(4), 
4.19(5),  4.71(9) 

514 

6799 

1.2.3 

< 0.1 

< 0.3 

1 

3 

14 

2 

16 

8 

2.91(6),  3.16(26),  3.68(2), 
3.72(2),  4.19(4),  4.55(9),  4.60(7) 

333 

6817 

3*. 4 

< 0.9 

< 0.3 

18 

< 0.7 

< 0.5 

< 1 

2*) 

19 

46 

3.07(2),  3.40(3),  3.60(3),  3.67(2) 
3.96(5) 

568 

6851 

2.3 

< 0.1 

< 0;4 

35 

< 0.9 

7 

10') 

24 

2.91(8),  3.07(1),  3.16(2), 
3.60(6),  4.35(4).  4.35(2),  4.95(1) 

592 

6874 

2,3* 

< 0.1 

1 

30 

I 

8 

2 

9 

24 

2.91(6),  3.07(2),  3.16(3), 
3.60(7),  3.72(1),  4.35(4). 
4.55(1),  4.95(1) 

635 

6935 

1.2 

< 0.3 

8 

< 0.4 

26 

21 

< 1 

8 

3 

2.91(3),  3.16(15),  3.750(4), 
3.753(1),  5.14(11) 

685 

6963 

2.3 

< 0.5 

< 0.2 

41 

< 0.5 

28 

2 

1 

1 

4 

3.07(1).  3.16(1),  3.60(2), 
3.67(1),  3.68(7),  4.19(1). 
5.39(5),  5.67(5) 

722 

6999 

I *.2.  3 

< 0.2 

< 0.2 

10 

< 0.6 

2 

1 

44 

5 

2.91(2).  3.16(4),  3.60(1), 
4.35(1),  4.35(27),  4.60(1), 
5.14(2) 

736 

7013 

3 

6 

< 0.2 

5 

< 0.7 

< 0.5 

< 0.4 

3 

2 

1 

3.60(1),  3.67(2).  3.96(8), 
4.21(1).  4.71(12),  4.77(1), 
5.13(31),  5.24(1),  3.73(26) 

774 

7049 

2.3 

< 0.2 

< 0.1 

3 

<0.2 

1 

< 0.4 

18 

3.16(57).  4.71(12),  5.13(7) 

811 

7084 

1 

< 0.2 

12 

< 0.1 

< 0.6 

0.5 

7 

51 

1 

2.74(0.5),  2.91(3),  3,16(2), 
3.72(11).  3.750(2),  3.753(1). 
4.48(4),  4.94(3),  5.91(2) 

818 

7091 

1.2.3" 

_<  0.7 

2 

3_ 

< 3 

10 

< 2 

54 

4.55(28).  5.14(3) 

833 

7107 

3.4 

9 

<2 

49 

< 0.9 

< 0.5 

< 1 

9 

9 

7 

2.91(1),  3.60(2),  i.68(3), 
4.43(6),  (4.60(3),  4.71(2)) 

880 

7151 

< 0.1 

< 0.1 

1 

< 0.1 

0.5 

5 

1.5 

2 

2.91(1).  3.16(83),  4.55(3), 
4.60(1),  5.14(2) 

888 

7159 

< 1 

< 1 

28 

4 

< 1 

46 

(3.16(6)),  3.67(6),  3.68(4), 
4.35(1),  4.55(5) 

893 

7165 

2*-.3.4 

< 0.9 

< 0.6 

17 

< 0.6 

<r  1 

27 

!2 

10 

3.07(5).  3.60(6),  3.68(3). 
4.60(7),  4.71(9),  (5.13(4)) 

928 

7197 

1 

< 0.2 

72 

< 2 

< 1 

0.5 

0.2 

23') 

3.750(1),  3.753(3).  5.14(1) 

953 

7221 

5 

2 

< 0.1 

< 0. 1 

< 0.4 

< 2 

< 0.5 

82') 

3.40(2),  3.67(9).  4.21(3),  5.24(2) 

968 

7236 

1.2^ 

0.3 

< 0.4 

3 

< 1 

8 

< 0.5 

24 

2.91(6).  3.07(7),  3.16(37), 
3.753(3),  4.19(3),  4.71(9) 

986 

7252 

r.2. 3 

•'  0.1 

< 0.1 

6 

1 

43 

< 0.2 

5 

4 

2.74(1).  2.91(7),  3.07(1). 
3.16(12),  3.60(4),  3.68(1), 
3.750(7),  3.753(1),  4.19(1), 
5.69(6) 

1025 

7290 

3* 

58 

< 0.3 

2 

< 0.3 

5 

< 1 

3.68(1),  3.750(5),  4.19(1). 
4.60(12),  4.71(4),  5.13(12) 

1042 

7307 

I *.2.  3* 

< 0.3 

< 0.4 

31 

6 

5 

1 

10 

3 

2 

6 

2.74(6),  2.91(12),  3.07(1). 
3.60(9),  3.68(1),  3.72(2), 
3.750(3),  4.35(0.5),  5.58(1.5) 

1084 

7347 

3*-,  4.  5* 

18 

< 0.3 

39 

< 0.3 

< 0.2 

< 0.2 

14 

4 

3.07(2),  3.60(3),  3.67(1), 
3.68(4),  4.19(2),  4.60(1), 
4.71(2),  5.46(1).  5.69(5),  6.08(4) 

1103 

7365 

3 

4 

< 0.6 

7 

< 0.6 

< 0.4 

< 0.6 

4 

1 

3.60(2),  3.96(2).  4.35(4), 
4.71(8),  5.13(68) 

1137 

7398 

< 0.2 

< 0.7 

37 

< 0.3 

16 

0.5 

3 

1.5 

0.5 

7 

2.91(4),  3.07(3),  3.16(6). 
3.60(5),  3.67(0,3),  3.68(4.5). 
3.750(0.5),  4.19(1.5),  4.60(3), 
4.77(0.5),  5.46(6) 

1148 

7409 

3*.  4.  5* 

16 

< 0.3 

48 

< 0.3 

< 0.4 

9 

1 

3.07(2),  3.40(1),  3.60(3), 
3.67(1),  3.68(3),  4.19(1), 
4.71(2),  5.69(7),  6.08(6) 

1164 

7424 

3 

32 

< 0.4 

0.3 

< 0.4 

1 

A 

2 

2.91(7),  3.40(0.5),  4.60(2), 
4.71(3),  5.13(30) 

1195 

7434 

1.2 

< 0.1 

2 

1 

1 

< 0.5 

2 

67') 

3.16(26),  3.750(0.3),  5.14(0.5) 

1203 

7464 

2.  3. 4* 

< 0.2 

<0.1 

2 

< 0.4 

6 . 

10 

7 

9 

7 

3.16(6),  3.60(1),  3.67(20). 

3.68(3),  3.750(1),  4.21(14), 
4.60(1),  4.71(3),  4.93(3), 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  RANGE 

-Table  2 (continued) 


Resonances  Decay  in  percentages  to  £.  (MeV)  in  ^*AI 


£»•) 

(keV) 

£.•) 

(keV) 

/'•) 

0 

0.23 

0.42 

1.06 

1.76 

1.85 

2.07 

2.36 

2.55 

2.66 

Other  levels 

5* 

0*  (T=  1) 

3* 

1* 

2* 

1* 

i* 

3*  (2.3)* 

£.  (%) 

1238 

7495 

•C  0.2 

< 0.3 

8 

< 0.3 

4 

1 

8 

8 

8 

6 

2.74(1),  3.07(1),  3.16(14). 
3.67(13),  3.68(2).  3.750(2), 
3.96(3),  4.21(13),  4.60(1), 
4.71(1).  4.95(3),  5.13(2),  5.14(1) 

1284 

7539 

1**) 

< 0.4 

< 0.5 

5 

< I 

13 

10 

19 

5 

5 

2.74(18),  3.72(4).  3,750(4). 
4.35(2),  4.62(15) 

1302 

7557 

|♦,2,3'" 

1 

I 

3 

3 

23 

12 

4 

1 

2.74(3),  2.91(1),  3.16(37), 
3.60(6),  4.35(2),  4.60(3) 

1307 

7561 

!♦.  2,  3* 

1 

3 

1 

6 

6 

21 

24 

II 

3 

2.74(5),  3.07(1),  3.60(13), 
3.96(2),  4.35(3) 

1376 

7627 

4*.  5.6* 

7 

< 0.7 

< 0.7 

<0.7 

< 1 

5 

3.40(2),  3.51(6),  3.67(9). 
4.21(45),  4.60(1),  4.77(15). 
5.24(10) 

1526 

7771 

1 

< 0.1 

5 

1 

4 

1 

7 

3 

2.74(1),  2.91(1).  3.16(33). 
3.72(1),  4.19(11).  4.55(1), 
4.60(18),  5.13(5).  5.14(1). 
5.54(5),  5.73(1) 

1588 

7831 

3*- 

58 

• <0.3 

3 

< 0.4 

< 0.6 

0.5 

2 

1 

1 

3.07(5),  3.16(1),  3.40(0.5). 
3.67(1),  3.750(1),  4.19(6). 
4.21(1),  4.60(7).  5.13(10). 
5.51(1),  5.730) 

1634 

7875 

< 0.5 

1 

< 0.7 

< 1 

69 

1 

3,16(5),  3.750(2),  4.19(1), 
4.55(8),  4.60(7),  5.14(4),  5.54(2) 

1651 

7892 

4-) 

40 

< 0.3 

5 

< 0.4 

< 0.4 

3.5 

28 

I 

3.07(6),  3.40(1).  3.67(1), 
3.68(1),  3.96(0.5),  4.21(4.5). 
4.35(1).  4.77(4),  4.95(3). 
5.24(0.5) 

1701 

7940 

3.4,5’- 

< 0.1 

< 0.2 

5 

< 0.5 

75 

3 

6 

3 

3.68(0.5),  3.750(3),  3.96(2). 
4.35(1).  4.77(1).  5.85(0.5) 

1716 

7955 

4<*) 

77 

< 0.4 

1 

< 0.6 

< 0.3 

3 

9 

0.5 

3.16(0.5),  3.40(4),  3.68(0.5), 
3.96(1),  5.51(3.5) 

')  Present  experiment. 

•)  Calculated  with  present  values  for  and  Q * 6305.0±l.2  keV, 

‘)  Present  experiment  unless  otherwise  indicated.  Sec  also  subsects.  3.6  and  4.1. 


“)  Ref.  >*). 

•)  Decays  to  the  E,  =»  2.0695  MeV  level  only. 
')  Decays  to  the  E,  = 2.0687  MeV  level  only. 
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FORM  N8S-418 

(REV,  7.I4.M) 

USCOMM-NBS^C 


PHOTONUCLEAR  DATA  SHEET  1 7 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


Page  4 of  4 


Table  5 


Angular  distribution  coefficients 


(keV) 

Transition 

A^±JA^‘) 

(keV) 

Transition 

At~JAi‘) 

A^±AA^  •) 

317 

r 

-.0.42 

-0.43  ±0.03 

0.08  ±0.05 

655 

r — 0.23 

-0.31  ±0.07 

0.16±0.12 

/ 

— 1.76 

0.24  ±0.04 

0.03  ±0.06 

r—  1.06 

-0.14±0.06 

0.13±0.09 

r 

-.3.16 

0.11  ±0.06 

-0.19±0.09 

r—  1.76 

-0.1 6 ±0.03 

0.I2±0.06 

387 

r 

— 0.42 

-0.08  ±0.06 

-0.07±0.10 

685 

r — 0.42 

-0.25  ±0.02 

0.04  ±0.04 

r 

— 1.85 

-0.08  ±0.06 

-0.08  ±0.09 

/■  — 1.76 

-0.03  ±0.01 

-0.01  ±0.02 

433 

r 

— 0 

-0.22±0.0l 

0.01  ±0.02 

722 

r — 0.42 

0.01  -0.02 

0.08  ±0.03 

r 

— 0.42 

-0.38  ±0.06 

0.05  ±0.09 

r — 2.0695 

-0.14±0.0I 

0.03  ±0.01 

496 

r 

— 0.42 

-0.07  ±0.08 

0.05±0.12 

736 

r — 0 

-0.06  ±0.06 

-0.17±0.10 

r 

— 1.76 

-0.58  ±0.03 

0.17±0.04 

r — 0.42 

0.33  ±0.1 3 

-0.24±0.19 

r 

— 3.16 

-0.52±0.06 

0.07  ±0.09 

774 

r — 0.42 

-0.26±0.03 

0.08  ±0.05 

502 

r 

— 0.42 

-0.49±0.05 

0.08  ±0.07 

r — 3.16 

-0.06  ±0.03 

-0.02  ±0.04 

r 

— 1.76 

0.11  ±0.06 

-0.11  ±6.08 

811 

r — 0.23 

-0.05  ±0.02 

0.04±0.03 

514 

r 

— 1.06 

-0.30±0.07 

-0.07  ±0.11 

r—  1.85 

0.14±0.04 

-0.08  ±0.06 

r 

— 1.76 

-0.10±0.05 

0.03  ±0.08 

835 

r — 0 

0.01  ±0.04 

0.05  ±0.07 

r 

— 1.85 

0.04±0.16 

-0.16±0.24 

r — 0.42 

-0.28  ±0.02 

0.00  ±0.03 

533 

r 

— 0.42 

-0.19±0.04 

0.04±0.06 

928 

r — 0.23 

-0.09  ±0.02 

-0.04±0.04 

r 

— 2.36 

-0.14±0.04 

-0.02  ±0.06 

r — 2.0695 

0.04±0.02 

-0.06  ±0.03 

r 

— 2.55 

-0.22±0.05 

0.02  ±0.08 

953 

r — 0 

0.46±0.02 

-0.13±0.03 

568 

r 

— 0.42 

-0.11  ±0.04 

-0.02±0.07 

r — 2.0687 

-0.26±0.00 

0.00±0.00 

r 

— 1.76 

-0.17±0.03 

-0.04±0.05 

986 

r — 0.42 

0.00±0.03 

0.07  ±0.04 

r 

-*1.55 

-0.13  ±0.03 

-0.01  ±0.05 

r — 1.76 

-0.39±0.02 

0.01  ±0.03 

592 

r 

— 0.42 

-0.07  ±0.01 

-0.01  ±0.02 

r 

— 1.76 

-0.1 8 ±0.05 

0.06±0.08 

r 

— 2.55 

-0.15±0.02 

0.12±0.04 

*)  Corrected  for  finite  size  of  the  detector. 
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i-2nV  threshold  detector 

REF.  NO. 

55  Ba  5 

EGF 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPe  RANQE 

TYPE  NANQS 

G,XN 

ABY 

30-200 

C 150-250 

THR  30- 

DST 

CBi'g  * ate?aii ' 
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1 

> 

' 
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Fig  . 4 . The  dependence  of  the  yield 
of  photoneutrons  with  energies  hi^er 
than  30  mev  at  an  angle  of  90“(in 
units  10  *®cni^  per  eff.  quant  steradian 
on  tae  maas  number  A)s 
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Ref.  No. 

55  Di  1 


Method 


S3rnchrotron;  neutron  angular  distribution;  scintillator;  ion 
chamber 


NVB 


Reaction 


E or  AE 


ad  E 


J ff 


Notes 


Al(Y,xn) 


70 


Curves  fitted  to  a + b sin‘^0 


TABLE  II 


Experimental  values  for  b/'a 


Correction  factor 

Corrected  ■ 

Target 

for  self-scattering 

b/a 

Lead 

1.10 

-0.08±0 

08 

fin 

1.08 

0. 12±0 

17 

Copper 

Iron 

. 1.48 

0.23±0 

15 

1.35 

O.OOiU 

25 

Aluminum 

1.17 

0 36±0 

29 

Carbon 
Ber\  llium  (1) 

1.8 

2.6 

1.6  =0 

S 

Beryllium  (2) 

1 35 

1.2  iO 

4 

J 1- L 


40*  00*  i20*  160*  40*  80*  l20*  160* 

ANGLE  ANGLE 
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REF.  NO. 

55  Jo  I 


NVB 


RESULT 

EXCITATION 

SOURCE 

DETECTOR 

REACTION 

ENERGY 

TYPE  RANOB 

TVPB 

RANGE 

ANGLE 

G,P 

RLY 

THR  - 65 

C 65 

SCI-D 

14  - 

+ 

DST 

G^N 

RLY 

15  - 65 

C 65 

SCI=D 

2 - 

DST 

G.N 

RLY 

18  - 65 

C 65 

SCI-D 

5 - 

+ 

DST 

G,N 

RLY 

23  - 65 

C 65 

SCI-D 

10  - 

DST 

(Aluminum) 
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TABii  I.  Target  thickness  and  the  constants  a and  i in  the 
angular  distribution  curve  a+(siaS+b  sintf  costf)*. 


Element 

Target  thicknea 
mg/cm>  a 

b 

Carbon 

182 

0.32 

0.80 

Aluminum 

274 

0.58 

1.35 

Nickel 

3S2 

0;94 

1.4S 

Molylxlcnum 

295 

0.62 

2.00 

(For  Protons) 
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Fic.  7.  The  angular  distributions  of  the  neutrons  from  aiuminum. 
Center  threshaids  at  ZS,  5,  and  10  Mev. 


Curves  of  form  a + b Sin 


Fig  1-2.  The  ratio  between  the  number  of  high-enei 
and  the^uvity  of  the  monitor  foil  as  a function  of  the 
energy.  The  top  curve  is  for  aluminum  and  the  bottom 
pnospoorus. 


rgy  protons 
syenrotron 
curve  is  for 


Fio.  11.  The  relative  yield  per  mole  for  neutrons  above  7.5  Mev  .nuiiri  P ap  nara  cucct  oa 
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Llnac;  counted  delayed  neutrons  from  N 


17 


REP.  NO. 

55  Re  1 


NVB 


‘■‘1 

i 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGK 

TYPE  NANQE 

G.N17 

ABl 

THR  - 400 

C 80-400 

ACT-1 

4PI 

1 

Fic.  5.  Graphs  a,  b,  and  c shn 
activalion  points  for  yields  u 
magnesium  and  aluminum.  Graphi 
d,  e,  and  f are  the  calculatcil 
photon  cross  sections,  from  whid 
the  solid  lines  in  a,  b,  and  c 
have  been  reconstruct^.  The  thi.’d 
cross-section  curve  is  actually  the 
slightly  modified  result  of  an  early 
aluminum  run,  and  is  included  to 
illustrate  the  effects  of  moderate 
errors  in  data,  upon  the  pbotoa 
cross  section  results. 
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Method 


Synchrotron;  proton  yield;  spectrtjm;  angular  distribution; 
nuclear  emulsion;  ion  chamber  Ji 


NVB 


! 

i Reactioo 


E or  AE 


(7d  E 


Notes 


Al^^(7,xp) 


70 


^ smooth  curve  ii  the  energy  distnbution  calculated  aanming  cnmpoiind- 
tm-P-wr.  o<  J.1  M«r.  The  lu«o.»i 


Yield  = 4.0  X 10^  protons  (up  to 
14  MeV)/r-mole 
±30^  from  70  MeV  bremss. 
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Method 


Betatron;  photon  scattering;  Nal  spectrometer 


Teil  SoT" 

56  Fu  1 


NVB 


I Reaction 


E or  AE 


adE 


Notes 


Ai2'7(Y,7) 


Bremss, 

4-4o 


Detector  at  120  . 

Cross  sections  given  here  are  to< 
high  due  to  erroneous  cos  0 factor  ii 
denominator  of  Eq,  5.  [See  Footnote 
8 in  Physe  Rev.  I06.  995  (1957)]. 


Fig.  4.  The  elastic  scattering  cross  sections  for  Na,  Mg,  Al,  S,  Ca,  and  Mn.  The  indicated  spread  in  energy  is  the  width  of 
differential  discriminator  channel,  and  the  standard  deviations  are  ba^  only  on  the  number  of  counts.  The  vertical  lines  at  the 
represent  the  particle  thresholds  for  the  most  important  isotopes.  The  ofm  circles  at  the  extreme  right  indicate  the  magnitude  of 
Thomson  cross  section  for  Z free  protons  scattering  coherently.  The  solid  curve  superimposed  on  Uie  Al  data  is  the  scattering  cross 
section  calculated  from  the  disperrioa  relation  by  substituting  for  «•(£)  in  Eq.  (6)  the  sum  of  the  neutron  and  proton  yield'*** 
cross  sections.  
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REF.  NO. 

56  He  1 


EGP 


F.  Heinrich  and  H.  Waffler 
Helv.  Phya.  Acta  29.  232  (1956) 


METHOD 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYRE  RANOB 

TYPE  RANGE 

? G.T 

RLY 

THR-31 

C 31 

ACT-I 

4PI 

Yields  relative  to  (G,N)  yields. 


Tahcile  1. 

Experimentclle  and  theoretiMhe  nnkleore  Ausbeute  der  (y,  T)*ProzeaM. 


Element 

ne»p  X 10* 

»7Uieor  X 10* 

A1 

240  ± 14 

200 

Co 

.6  ± 1,7 

4 

Cu 

4.6  ± 1,6 

3 
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t METHOD 


REF.  NO. 

56  Wa  1 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.T 

RLY 

THR  - 31 

C 31. 

ACT-I 

4P1 

Detected  activity  of  tritium.  Yields  are  relative  to  ®^Cu(Y}n) 


Reactioa 

Threshold  energy 
MeV 

>J,xp  X 10» 

X 10* 

A1 

13.2  ± 0.2 

34  ±2 

31 

Co 

16.S  ± 0.3 

7 ±2 

5 

«Cu 

16.2  ± 0.3l 

•*Cii 

1S.1  i 0.3/ 

6 ±2 

4 

13.9  ± 0.6l 

io»Ag 

13.1  ± 0.6/ 

6.5  ^ i 

0.4 

The  table  shows  the  calculated  yield  ratios  (according  to  statistical  theory)  as  well 
as  the  measured  relative  yield 

, - CLE^//31  MeV  ^-CU)  dEy 

taking  the  (y,  n)  yield  on  «3Cu  as  unity.  The  good  agreement  between  the  experimental 
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Soviet  Pfav.  Dokl.  2,  107  (1957) 
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A.  Kul'chltskii 


A1 
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13 


REF.  NO. 


57  Bar  2 


• EGP 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANOE 

TYPE  RANQB 

G.XP 

SPG 

THR  - 85 

C 85 

TEL-D  15-60 

DST 

N 


Fig.  2.  Energy  dktribiitJoa  of  pliotoprotons  from  AU 
The  vertical  axis  gives  the  number  of  protons  in  a 
1 Mev  interval  per  monitor  unit,  in  arbitrary  units. 
Only  the  statistical  errors  are  indicated. 
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Al 
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REF.  NO. 

57  B6  L 


13 


EGF 


RESUL.T 

EXCITATION 

SOURCE 

DETECTOR 

REACTION 

ENEROY 

TYPE  RANQE 

TYPE 

RANDS 

ANGLE 

G.A 

SPC 

THR  - 30 

C 31 

EMU“D 

5-15 

NO  ANG 

DST  DATA 

Yield  per  milligram  per  roentgen  Cu  0.86,  Ni  0.99,  Al  1,15  for 


Fig.  a.  — Nombra  dc  particulcs  a/ing/stiradian/ROatgcn/intervalle  de  t MeV. 
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EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TVPK  RANaE 

TYPE  RANGE 

G,XN 

RLY 

THR  - L5 

C 12-15 

BF3"I 

4PI 

BREAKS 


"Af 


Racing  carrw  de  ! activation 


Figo  s.  — Courbe  d’activatioa  dc  I’aluminiam. 
voisin.'ige  do  seiiil;  6,  discontinnitus;  c,  racine  carrce  dc  I’activaiion. 
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METHOD 


ELEM.  SYM. 


Al 


REF.  NO. 


27 


13 


58  Ba  6 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANOB 

TYPE  RAN6K 

G,XP 

SPG 

THR  - 85 

C 85.90 

TEL-D  13-40 

DST 

FIG.  3.  Angular  distributiona  of  photoprotons  from  Al.  Tho 
solid  curves  give  the  results  of  calculaUoo.  Only  staUstical 
errors  are  shown.  1)  Ep  - 13.7-17.S;  ^ Ep  - 17.5-2LS;  3)  Ep 
**  21*5*4 1«0 


FIG.  S.  Energy  distributions  of  photoprotons  from  Al  for 
various  angles.  Eymaa  “ 90  Mev.  Only  statistical  errors  are 
shown.  •->  d - 30®;  0- 90®;  A-d  ■ 130". 
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i 


Reaction 


Al"(y.  »)Al** 


MEASCTBS  TROTONEtmtOM  THRESHOLDS 


Measured 
O' value,  Mev. 


Other  Q values, 
Mev. 


Method 


Reference 


12.08d^.08 

(12.93^0.08) 


14.4  diO.3 

14.0  d=0.1 
12.75  ±0.20 

13.00  ±0.06 

12.98  ±0.11 


Threshold 
Threshold 
Threshold 
Mass  data 
0*  value 
Mass  data 


Becker  elal.  ( 1947) 
McElhinney  et  ai.  (1949) 
Sher  ei  of.  (1951) 
Wapstra  (1955) 

Laubicz  (1955) 

Mattauch  et  al.  (1956) 


TABLE  H 


Comparison  op  thresholds  from  mass  data  and  from  photoneutrok  reactions 


Reaction 

Photoneutron 
threshold,  Mev. 

Mass  data 
threshold.  Mev. 

Difference, 

Mev. 

.\a»(7,  «).Va» 

12. 47  ±0.05 

12.417±0.014 

-0.05±0.05 

Al”(v.  «)A1" 

12.96±0.06 

13.0:j  ±0.06 

+0.07±0.08 

P**(t.  «)P“ 

12.48±0.05 

12.. 39  ±0.03 

-0.09±0.06 

Co**(t,  »)Co“ 

10.44±0.05 

10.49  ±0.01 

+0.05±0.0S 
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Table  I.  Thicknesses  of  the  targets  used  in  the  experiment, 
with  the  exception  of  heavy  water,  all  targets  contained  isotopes 
in  their  naturaJly-occurring  projjortions. 
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Fig.  14.  Experimental  and  expected  yields  of  neutrons  per 
incident  electron  for  1-radiation-Iength  targets  at  34.3  Mev,  as  a 
function  of  atomic  number  Z.  The  experimental  yields  were 
obtained  by  dividing  the  measured  yields  from  the  Urgets  labeled 
I by  the  actual  target  thicknesses  listed  in  Table  L The  expected 
yields  were  calculated  from  expression  (8). 
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Tabelle  1 
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eigene  Werte 
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Hayward  *’) 
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(4-8)xl0-»» 

(6-9)xl0-*» 

A1 

(2  ±l)xl0-“ 

(2-6)xl0-*» 

0 

(1  -5)xl0-“ 
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(5.8±2)xl0-»* 

Durch  die  Wahl  der  .MeOgeometrieergibt  sich  fureine  El-  wieeine  E2-Winkelverteilting  innerhalb 
dor  Fehlergrenzcn  dcr  numerischen  Rechnung  der  gleiche  Wert  fur  den  totalen  Streuquer- 
schnitt  Dio  angcgcbenen  Fehler  enthalten  nvr  den  Fehler  in  der  Bestimmung  des  primaren 
y-Flusses  und  die  statistischen  Fehler  der  Streuraten.  Zum  Vergleich  sind  die  entsprechenden 
^gebnisse  von  Fuller  und  Hayward  »»)  und  Steams  •)  gegenubergestellt;  Die  angegebeoen 
Werto  geh6rea  jeweils  zu  den  Fehlergrenzcn. 
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Fig.  7.  The  photoneutron  to  photoproton  )deld  ratio  for 
aluminum  aaa  function  of  b^tion 
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E = 9.05±0.05  MeV 


For  angular  distributions,  see 
Table  5. 

Resonance  also  at  E = 839  kev,  but 
Po 

ground-state  transition  (E^  =9*05 
MeV)  is  s;  0.%,  ° 


MeV  e0VheV-tO3Mty 
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Fi<.  Summan'  o(  the  de-excitations  of  the  72!,  809.  839  and^SM  kcV  resonances. 
Table  3 


Gamma  ray 
energy  (MeV'J 

Interpretation 

Calculated 

energy 

Relative 
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Angular  distribunoo 

9.03i0.05 

r — 0 

9.03 

lUO 

n-(o.:#io.oi)/>,j.io.oj£0  osti’, 

8.04±0.05 

r -•  0.84 

8.19 

8.04*0.05 

r -*  l.Ol 

8.02 

102 

1 - (0.37  i0.03)  A>, (0.01  iO.OS)  /*, 

«.92i0.l0 

f —2.21 

8.83 

.7 

Small  negative  anisotropy 

8 34*0.05 

r — 2.73 

l».30 

80 

1 - (0.32i0.0«)  P,  - (0. 13±0. 1")  P. 

3.41^0.10 

5.17-0.10 

Levels  at  nr  5.4  -• 
) 

0 

10 

<2.5 

2.25±0  05 

2.21  — 0 

2.2 

17*1 

l.72i:0.03 

2.73  — 1.01 

1.72 

42  •) 

1.01-^0.03 

1.01  —0 

1.01 

100»* 

0 94  ^0.03 

0.84  —0 

0 84 

S3*) 

•)  Relative  intensities  at  90*.  Intensity  scale  not  reiated  to  relative  iotenstbee  of  gamma  rays  oS 
energies  greater  than  3 MoV. 
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Fig.  1.  The  energy  distribution  of  photoprotons 
emitted  from  Al*^  (histogram).  The  solid  and 
broken  curve  is  the  smoothed  one.  The  broken- 
curve  is  a calculated  one  using  the  statistical 
model  with  the  Weisskopf  level  density  and  a 
classical  Coulomb  barrier  height. 
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Fi?.  1.  The  photoproton  energy  distributions  from 
Al*’.  The  solid  curve  is  a smoothed  one.  The 
broken  curve  is  a calculated  one  using  the 
statistical  model  with  the  Wetsskopf  level  density 
a>=Cexp[2Vor^'ir]  Mev*>  and  a classical  Cou* 
lomb  barrier  height  of  4.49  MeV. 
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Summary  of  experimental  and  theoretical  inelastic  electron  scattering  cross  sections  at  180° 
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Thickness 
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cm* 

/d(T\T  //d(T\T 
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maximum  average 
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C,H, 
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Fig.  2.  S'euiron  energy  ^pectnim  for  = 30 
McV.  The  points  i.ndicate  e\perimenul  results 
(ordinates  m arbitrary  umisi.  The  cur%e  is  ihc 
calculated  evaporaium  distribution. 


F^4.  Contribution  of  mainly  direct  emission  for  £mui  " <«l  30  MeV,  (b>  24  MeV.  (e)  The  funcsion 
CiEJ  •<Hy,aUi£y,£j^).  See  the  text.  The  units  are  arbitrary. 
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Fig.  3.  Neutron  energy  spectrum  for  =■  24  MeV.  Points:  experimental  results  (ordiaata  «• 
arbitrary  unitsL  CurW:  calrulaind  evaporation  distribution. 
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calculated 
Ref.  •) 
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Ref.  •) 
(McV) 

Neutron  spectra 
present  paper 
(MeV) 

15.5 

14.  15.5 

(16) 

18.3 

1 several 

18.2 

18  iOJ 

20.3 

19 

1 energies 

19.9 
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21.2i<U 
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(26.5) 
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Fig.  The  yields  of  fast  photoprotons  (Ep  > 8 Mev)  obtained  from  targets  of  various 
elements  when  irradiated  with  22-Mev  bremsstnihlung.  The  target  thicknesses  range  from 
351  to  572  mg/cm*  (about  8 Mev  for  protons).  The  errors  noted  are  statistical. 

Fw,  3.  The  anisotropy  coetficient  b/a  for  fast  photoprotons  (£»  > 8 Mev)  from  16  elements. 
The  errore  noted  are  statnucal. 


Angular  distribution: 

Y(0)  = a + b sin^0  (l+P  cos  0)^ 
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and  b/a  = 0.5±0.2. 
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Fig.  4.  Theoretical  coefficients  of  the  Fj-terms  in  the  angular  distribution  function  (FfS)  = I -A,Pt 
(cos  0)  for  mixed  dipole-quadrupole  resonance  radiation  for  the  spin  sequence 
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Fig.  1.  Pulae-height  distribution  of  photons  scattered 
from  an  A1  scatterer  and  from  a Mg  scatterar. 
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Tabu  I 

Summary  of  present  experimental  data  at  34  MeV  bremsstrahlunK 


Element 

o* 

ft 

«• 

.Be 

0.43±0.02 

0.05  ±o.o: 

0.61  ±0.04 

o.09ioo: 

j»Al 

0.39±0.03 

0.05  ±0.01 

f^ri 

0.34±0.02 

0.06  ±0.01 

uCr 

34  MeV 

0.33±0.02 

0.02±0.0l 

22  MeV 

0.13±0.07 

-0.02±0.0l 
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2.21  MeV  level; 
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Fio.  6.  The  angular  distribution  for  resonant  scattering  of 
2.21-MeV  radiation  at  £,-5.00  MeV.  The  aoUd  curve  is  the  func- 
tion IV(9)-1-H).37  £s(cos0),  the  least-squares  fit  to  the  experi- 
mental points.  This  is  indistinguishable  from  IF(*)— l-hO^ 
/’j(cosfl)— 0.0S3£i*(cosd),  which  includes  a polarixation  term.  The 
broken  curve  is  the  distribution  1V(8)  — l-1^.23£i(cos#)  obtained 
at  £,-4.115  MeV  by  MeUger  e<  al.  (Ref.  8)  and  in  the  present 
work.  The  normaiisatioR  of  the  two  curves  at  140*  is  arbitrary. 
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Fig.  II.  Comparison  of  the  observed  neutron  multiplicities  with 
histograms  calculated  by  using  the  Gaussian  momentum  distribu* 
tion,o*/2J/-20  MeV. 
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Present  Thompson  Bolen  and 
worlc  el  al.  Whitehead 

(y,n)+(y,np)  {y,n)  (y,n)  + (y,np) 

Masuda 
el  al. 

(y,P) 

Theory® 

13.8 

13.6 

* 

14.2 

14.0, 14.2 

14.S 

14.5 

14.6 

14.5, 14.7 

14.3 

15.4 

15.2 

IS.0, 15.2 

15.5 

15.7 

15.6 

15.7 

15.7 

16.1 

16.0 

'6.4 

16.4 

16.4 

16.3, 16.8 

16.4, 16.6 

17.0 

17.0 

17.0, 17.3 

17.0,  17.2 

.7.7 

17.6 

17.8 

18.2 

18.1 

18.1 

18.4 

18.1, 18.3, 18.4 

19.6 

19.4, 19.6, 19.7 

20.0 

20.5 

19.8 

20.0,20.1,20.2 

21.5 

21.2 

21.4 

21.0 

22.0 

22.4 

23.1 

27.2 


• .AU  theoretical  values  are  givea  in  Ref.  29. 


I Thompson,  J.M.  Taylor,  B.M.  Spicer,  and  J.E.E. 

! Bag 1 in,  Nucl.Phys.  64,  486  (I963). 
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Table  1 
Mean  lifetimes 


Nucleus 

State 

Spin 

Mean  lifetime 

Mean  lifetime 

Ref. 

(MeV) 

(psec) 

(psec) 

(Hough  and 

(Other  workers) 

Mouton) 

«A1 

1.01 

3.2  ±1.7 

•) 

0 041 

-0.016 

•) 

1.7+  1-2 
*•  -0.5 

•) 

Sip 

1.26 

0.73l°;|| 

0.46  ±0.23 

•) 

0.22±0.07 

‘) 

0.96:O;|® 

') 

’) 

"Cl 

1.22 

i 

0.30  ±0.10 

•) 
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Table  1 

Experimental  data  and  results 


Element 

Mg 

A1 

S 

Ni 

Cu 

Zn 

Error  (%) 

target  thickness  (mg/cm* *) 

0.81 

1.54 

0.80 

2.50 

2.68 

3.00 

5») 

dose  (r) 

6190 

25400 

23200 

3880 

5840 

4220 

10 

yield  absolute  (10*/mole  ■ r) 
for  > 3.16  MeV 

0.61 

0.93 

1.46 

1.65 

0.92 

2.42 

11*) 

yield  relative  to  Ni 

0.36 

0.56 

0.88 

1 

0.55 

1.43 

5‘) 

Yy.JYj.xJX) 

9.6 

11.4 

12.4 

7.0 

3.2 

*) 

nuclear  temp.  9 (MeV) 

1.43 

1.48 

1.46 

1.04 

0.91 

10 

level  density  parameter  a 
(MeV-‘) 

5.1 

4.8 

4.9 

8.6 

10.8 

10 

*)  For  S,  the  error  of  the  target  thicicness  has  been  10  %.  of  the  absolute  yield  14  % and  of  the  relative  yield  10  %. 

*)  For  Zn  ffy.io*  i»  not  known. 
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Fig.  5. — Log-linear  plot  of 
njET  versua  proton  energy 
E,  constructed  from  the 
date  of  Figure  4. 
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Tabeile 


Element 

Dick* 

(mgyonZ) 
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au/lOsung 

(kcV) 

GesamtzaJil 

gemessener 

o-Teilcbca 

Ausbeuts 
(ub/MeV  • stcr) 

Ausbeuts 
Mol  • r 

r.m..(cxp) 

(MeV) 

(McV) 

A1 

2,35 

770 

14600 

1.3  ±0.2 

3,5  +0,6 

(»3.5) 

3.5 

Ar 

200Torr4«0 

5200 

3.0  ±0.5 

8.3  ±1.3 

5,2 

3.5 

Se 

3.72 

790 

12200 

0,28  + 0.04 

0,76+0,12 

9.2 

4.5 

Ag 

3.12 

670 

3150 

0.12  ±0,02 

0,33  ±0,05 

11.8 

6.5 

Fig.  1.  a Histogramm:  Gemessene  Energieverteilung  und  dilferentielle  Ausbeute  der  Photo-a-Teilchen. 
b Kurve;  Berechnetes  Spektrurn.  Ndhere  Angaben  im  Text 
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RESULT 
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ENERGY 

SOURCE 
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TYPE  RANGE 

TYPE  RANGE 
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Tabl«  7.  Coaparlaon  of  neutron  yields.  Yields  are  given  In  units  of  (neutron  cwfl/HeV  nucleus)xLO'^* . 
The  estlauted  uncertainties  in  Y and  Y^  are  of  the  order  of  6%  and  10%,  respectively. 


Element 

z 

o 

UCRl.  Sac  lay 

Va.  NBS(Old) 

UCRL 

Saclay 

Va. 

NBS(Old) 

Ref. 

Exp 

Exp 

Exp 

Exp 

^c 

Pb 

27 

103 

36 

0.83 

26,30 

22 

111 

92 

116 

0.83 

1.05 

Au 

27 

89 

97 

1.09 

24,30, 

22 

92 

98 

88 

115 

1.07 

0.96 

1.25 

38 

Ta 

27 

81 

82 

77 

1.01 

0.95 

27,30, 

22 

S5 

79 

80 

113 

0.93 

0.94 

1.33 

38 

Ho 

27 

67 

75 

1.12 

27,31, 

22 

69 

77 

82 

103 

1.12 

1.19 

1.49 

39 

Ag 

27 

36 

22 

34.3 

Cu 

27 

14.4 

13.2 

0.92 

28,30 

22 

12.6 

11.5 

12.4 

0.91 

0.98 

Co 

27 

12.7 

12,1 

0.95 

29,34 

22 

10.6 

9.9 

13.5 

0.94 

1.27 

Ca 

27 

1.69 

1.13 

l.Ol 

0.67 

0.60 

32,35 

P 

27 

2.35 

1.76 

0.75 

36 

A1 

27 

1.92 

1.62 

1.38 

0.34 

0.72 

25,37 

QlS 

27 

0.54 

0.42 

0.48 

0,42 

0.78 

0.89 

16,32, 

37 

c 

27 

0.50 

0.35 

0.33 

0.46 

0.70 

0.6b 

25,32, 
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67  Lo  2 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

FMF 

0-3 

D 90- 190 

MAG-D  85-190 

DST 

Level  (MeV)  B(E2  t) 


.84  + 1.01 
2.21 
2.73 

^*°°(2.98+3.00 


5Ctfc6 

86fcl0 

201:10 

^^10 


(e^fm^)  B(Ml)(e^fm^) 
1.5±0.8xl0"^ 


Table  2 


The  cross  sections  measured  for  the  scattering  of  electrons  of  various  incident  energies  through  various 

angles  by  the  nucleus  ''Al 


Incident 

energy 

(MeV) 

Scattering 

angle 

0 

Momentum 

transfer 

g(fm-‘) 

Elastic  cross  section 
(/db  ■ sr~') 

Inelastic  cross  section  (10' 
0.84  MeV+ 1.01  MeV  Z2I  MeV 

■’  fm’  • sr*) 
2.73  MeV 

3 MeV 

99.04 

60 

0.510 

484 

±50 

150.31 2 

44 

0.570 

541 

±54 

3200  ±2300 

3730  ±1500 

416  ±30 

79.78 

90 

0.570 

96 

±10 

453  ± 

232 

839  ± 330 

415 

± 290 

99.29 

70 

0.576 

169 

±16 

89.47 

100 

0.693 

21.8 

± 2 

180.28 

45 

0.698 

183 

±30 

2740  ± 

930 

3620  ±1370 

910  ±70 

2870 

±1150 

151.91 

60 

0.769 

49.9 

± 4.9 

99.58 

100 

0.771 

12.7 

± 1 

180.24 

55 

0.842 

33.6 

± 6 

450  ± 

156 

1310  ± 300 

874 

±260 

149.10 

70 

0.865 

12.8 

± 1.3 

111.94 

100 

0.867 

5.4 

± 0.5 

119.84 

105 

0.961 

1.79 

± 0.18 

- 

179.33 

65 

0.978 

5.75 

± 0.60 

254  ± 

99 

408  ± 84 

126  ±63 

460 

± no 

149.84 

90 

1.071 

0.64 

± 0.12 

119.58 

135 

1.115 

0.067 

± 0.007 

10  ± 

2.2 

19.4±  3 

3.35  ± 2.3 

20 

± 8 

181.88 

75 

1.119 

0.92 

± 0.030 

88.4  ± 

18 

165  ± 33 

175 

± 26 

190.157 

75 

1.169 

0.67 

± 0.2 

67.6  ± 

32 

128.4±  30 

25.4±18 

114 

± 28 

128.61 

135 

1.199 

0.019 

± 0.004 

179.887 

85 

1.227 

0.109 

± 0.011 

36.2  ± 

10 

190.23S 

80 

1.235 

0.253 

± 0.09 

37.9  ± 

6.4 

67.5  ± 24 

17.7  ±13.6 

59.7 

± 12.6 

178.92 

90 

1.277 

0.043 

± 0.006 

179.75 

95 

1.338 

0.031 

± 0.005 

8.5  ± 

4.9 

14.9±  3 

4.1  ± 0.3 

150.06 

135 

1.39 

0.0069  ± 0.0016 

179.83 

105 

1.439 

0.027 

± 0.005 

2.41  ± 

0.85 

5.6  ± 2.4 

158.66 

135 

1.477 

0.0079  ± 0.0016 

190.16 

no 

1.571 

0.0175  ± 0.0035 

170.44 

135 

1.587 

0.0054  ± 0.001 

1.99± 

1.73 

2.1±  0.8 

1.57±  0.30 

I 
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Fig.  7.  The  experimenul  form  factors  obtained  for  the  levels  at  0.84  MeV  and  1.01  MeV.  The  full 
line  represents  the  expression  F*,  ‘°*>,'(f^)exp(— 9V)  multiplied  by  the  normaliziag  factor 

A - (2.78±0.33)  • 10-*. 


Fig.  8.  The  inelastic  form  factor  for  scattering  from  the  2.21  MeV  level  compared  with  the  functions 
5 =;,(<jr/f)exp(-i9»^»)  and  A = Ji(qR)exp(,—iq*g*). 
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Fig.  11.  The  experimental  form  factor  obuined  for  the  peak  observed  at  3 MeV.  The  full  line- 
represents  the  expression  F,  multiplied  by  /?*  = (5.01  ±0.56)  • 10-*. 
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REE.  NO. 

67  Sh  2 


BGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE 

RANGE 

TYPE 

RANGE 

P,G 

LET 

8-11 

D 

0-3 

SCD-D 

0-10 

DST 

Table  1 

Angular  distribution  coefficients  and  04  of  gamma  rays  de^xciting  resonance  ievelsin  the  reaction 

“Mg(p,  y)«Ai 


E,') 

(kcV) 

Transition 

") 

On 

*) 

«4 

•) 

292 

8.55-F0.84 

-0.01  ±0.08 

+0.06  ±0.09 

33S 

8.60-*0.84 

-0.74  ±0.06 

+0.04  ±0.07 

4S4 

8.71 -*(0.84+ 1.01) 

+0.002  ±0.005 

-0.002±0.006 

479 

8.73-0 

-0.19  ±0.02 

-0.04  ±0.03 

301 

8.75-*0 

+0.43  ±0.03 

-0.02  ±0.03 

522 

8.77—0 

+0.59  ±0.12 

-0.05  ±0.12 

650 

8.90-*0 

+0.12  ±0.02 

-0.01  ±0.02 

1249 

9.48—0 

-0.27  ±0.01 

+0.04  ±0.02 

9.48—2.21 

+0.47  ±0.03 

+0.02  ±0.03 

1409 

9.63-*0 

+0.01  ±0.01 

-0.01  ±0.01 

1548 

9.76—0 

+0.66  ±0.01 

-0.02  ±0.02 

1609 

9.82-m 

+0.12  ±0.06 

+0.01  ±0.06 

9.82—1.01 

+0.17  ±0.01 

+0.00  ±0.01 

1733 

9.94—0 

+0.08  ±0.04 

-0.03  ±0.05 

9.94—3.00 

-0.20  ±0.03 

-0.01  ±0.04 

1785 

9.99-*0 

-0.34  ±0.02 

-0.02  ±0.02 

9.99-4.81 

-0.29  ±0.01 

-0.01  ±0.01 

1965 

10.16—0 

+0.20  ±0.01 

-0.04  ±0.01 

2141 

10.33—0.84 

+0.46  ±0.09 

-0.16  ±0.09 

2220 

10.41—0 

+0.67  ±0.02 

-0.06  ±0.02 

2293 

10.48-0 

-0.37  ±0.01 

-0.03  ±0.01 

10.48—6.48 

+0.45  ±0.04 

-0.02  ±0.05 

2323 

10.51—0 

-0.25  ±0.01 

+0.01  ±0.01 

*)  Resonance  energies  from  ref.  *)•  corrected  for  the  new  recommended  value  **)  of  the  ”AI(p,  y)^i 
calibration  resonance. 

”)  Excitation  energies  of  the  initial  and  final  states  (in  MeV). 

')  After  correction  for  eccentricity,  background  and  random  coincidences,  but  without  solid  angle 
attenuation  correction. 
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Table  4 


Quadrupole/dipole  amplitude  mixine  ratios  of  primary  gamma  rays  de*exciting  **AI  resonance* 


Transition 

y,«  — /,« 

Mixing  ratio 

(keV) 

(£,  in  MeV) 

338 

8.60—0.84 

+0.10±0.03 

8.60—2.98 

+0.02  ±0.03 

SOI 

8.75-0 

5 -5* 

+0.00  ±0.03  (or  -1.3  ±0.3) 

322 

8.77—0 

-0.1 8 ±0.1 8 (or  -0.9 ±0.4) 

630 

8.90—0 

i -r 

+0.29  ±0.08 

8.90—1.01 

i -5* 

+0.06  ±0.07 

8.90-2.98 

+0.00  ±0.01 

1249 

9.47-0 

1 -i* 

-0.07  ±0.02 

9.47—2.21 

a 

+0.04  ±0.02 

1348 

9.76-0 

-0.16±0.02 

9.76—2.21 

.i*— 

+0.06  ±0.02 

1609 

9.82-0 

a a 

+0.21  ±0.06  (or  +2.2±0.3) 

9.82—1.01 

a a 

+0.14±0.0l  (or  -8.9±0.3) 

9.82—2.73 

-0.1 3 ±0.03 

1733 

9.94-0 

j -j* 

-0.20  ±0.02 

9.94—3.00 

i -s* 

-0.02  ±0.01 

1783 

9.99—0 

i--j* 

+0.00  ±0.02 

9.99—4.81 

j--i 

-0.02  ±0.02 

1965 

10.16-0 

+0.23±0.01 

10.16—2.21 

+0.12±0.0I 

2141 

10.33—0.84 

j -i^ 

-0.55 ±0.07  (or  +50±20) 

10.33—2.98 

3.  ^3<*» 

a 

+0.02  ±0.02  (or  -4.3  ±0.3) 

2220 

10.41-0 

5+-P 

-0.39  ±0.07 

10.41—2.98 

-0.03  ±0.02 

2293 

10.48-0 

5--j> 

+0.03  ±0.01 

10.48—6.48 

i--(i) 

+0.01  ±0.03 

2323 

10.51-0 

5--‘> 

-0.04  ±0.01 

10.51—2.21 

i--i* 

+0.06  ±0.04 

10.51—3.00 

j--r 

+0.00±0.02 

2574 

10.75—2.21 

} -j+ 

+0.10±0.04 

10.75—3.00 

1 -r 

+0.05  ±0.07 
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REF.  NO. 

67  Sh  2 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  PANGB 

TYPE  MANGE 

Table  S 


Quadru|M)lc/dipole  amplitude  mixing  ratios  of  gamma  transitions  between  bound  states  of  *’AI 

Transition 
in  MeV) 

Resonance 
investigated 
(£p  in  keV) 

Mixing  ratio 

Average 

1.0l-*0 

J*-|* 

650 

+0.40±0.08 

+0.37  ±0.03 

1380 

+0.39  ±0.05 

1609 

+0.33  ±0.05 

1.01 -*0.84 

338 

-0.05  ±0.06*) 

2.21-»0 

i*-i* 

1249 

-0.42  ±0.02 

-0.40±0.01 

1548 

-0.41  ±0.04 

1965 

-0.40±0.02 

2323 

-0.36±0.03 

2574 

-0.40±0.02 

2.73-*0 

1609 

-0.09  ±0.03 

2.73—1.01 

1609 

-0.09  ±0.03 

2.98-*0 

338 

-0.04±0.05 

+0.01  ±0.01 

650 

+0.08  ±0.09 

2141 

+0.02  ±0.02 

2220 

+0.00±0.02 

3.00-*0 

{*-1* 

1733 

00 

2323 

00 

2574 

00 

3.00—2.21 

1733 

-0.00  ±0.03 

4.81—0 

1785 

+0.29±0.03  (or  2.7±1.0) 

4.81—1.01 

1785 

+0.06  ±0.02 

4.81—2.21 

i 

1785 

+0.05±0.02  (or  5.5±1.0) 

*)  Se«  subsect.  4.2.2. 


Table  6 

Transition  strengths  of  gamma  rays  dc-exciting  =*Mg(p,  v)"AI  resonance  levels 


Transition  .ff* 

(£»  in  MeV)  (meV) 


[A/l'xIO* 

El  Ml  E2  M2 


9.76-0 

100 

5 

7 

9.76—2.21 

i*-}* 

135 

15 

5 

9.82—2,73 

130 

17 

30 

9.99—0 

2.S0 

0.45 

10.16-0 

620 

25 

70 

10.16—2.21 

190 

18 

20 

10.41-0 

J*-J* 

130 

5 

35 

10.41—2.98 

j*-3* 

150 

17 

(2) 

10.48-*0 

j--i* 

1000*) 

1.7 

50 

10.5 1-*0 

J-— j* 

530  *) 

0.75 

45 

10.51—2.21 

230  *) 

0.65 

150 

10.51—3.00 

i--5* 

150 

0.60 

»)  Calculated  using  the  resonance  strength  of  ref.  *)  (as  corrected  in  refs.”-**))  and  the  branching 
ratios  of  ref.  ’). 

*’)  For  resonance  strengths,  see  sect.  5.3. 
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Tabu  7 


Strengths  of  gamma  transitions  between  bound  states  of  *^A1 


Transition 
(£,  in  MeV) 

/,* — y,« 

^t‘) 

(meV) 

IWIVMI) 

(X10») 

1M1*(E2) 

0.84-*0 

0.02  *•) 

13 

1.01-0 

0.3  •) 

12 

9 

1.01—0.84 

0.01 

100 

2.21—0 

17  '*) 

65 

11 

2.73-0 

15  •) 

35 

0.2 

2.73—1.01 

45  •) 

430 

6 

2.98-0 

no  «) 

200 

< 0.05 

3.00-0 

6 •) 

6 

3.00-2.21 

0.6  ■) 

60 

< OJ 

*)  Widths  based  on  the  averages  of  the  lifetimes  reported  in  the  literature  (for  a few  typical  references, 
see  below)  and  the  branchings  reported  in  this  article. 

")  Ref.”). 

•)  Ref.'»). 

«)  Ref.“). 

*)  Ref.  ”);  the  lifetime  reported  in  ref.  ”),  however,  leads  to  widths  that  are  about  a factor  of  25 
lower  than  the  values  listed  here. 

')  Re.'s."-**). 

«)  Refs.«.‘»). 
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Note: 


See  Sheppard  and  Van  der  Leun,  NP  AlOO . 333  (1967)  for  analysis  of  angular 
distribution. 
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Fig.  6.  Branching  ratios  of  bound  states  of  deduced  from  gamma-ray  spectra  measured  at 
thirty  ”Mg(p,  y)”Al  resonances.  For  spins,  sec  paper  il.  Ground-state  transitions  were  observed 
from  the  levels  at  £,  = 4.58,  5.16,  5.43,  5.55.  5.75,  6.08,  6.28,  6.47,  6.82,  7.00  and  7.29  MeV.  The 
levels  at  £(  = 7.00,  723  and  7.47  MeV  decay  at  least  partly  through  ”A1*  = 2.21  MeV. 
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energy  21.6  Me  V. 
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aluminium  at  90®,  with  bremsstrahlung  end-point 
energy  26.6  Me  V. 
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Fig.  Z.  A dependence  of  structure.  A qualitative  esti- 
mate for  the  statistical  validity  for  structure  is  also 
Indicated.  The  solid  straight  lines  have  the  form  mA  t 
+ 8 MeV  while  the  dashed  line  represents  the  position 
of  the  Is  level  as  determined  from  (e.e'rt  experiments. 
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Fio.  7.  Effective  cross  sections  for  production  of  fast  neutrons 
with  energies  greater  than  10  MeV  (solid  circles)  and  30  MeV 
(open  drcles)  by  the  S5-85-MeV  photon  difference  spectrum.  The 
daued  curves  are  modified  quaaideuteron  model  predictions  as 
discussed  in  the  text. 
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zadonetrm;  in  addition  all  values  depend  on  an  absolute  normatt-  ^ 
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which  is  known  to  about  10%  at  thm  energies.  ’ 
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Fio.  8.  Neutron  energy  spectra  for  beryllium,  aluminum,  and 
lead.  The  dashed  cdrves  are  Oedricic’s  quasideuteron  model  calcu- 
lations of  the  primary  neutron  spectra,  arbitrarily  multiplied  by 
1.15.  For  aluminum  and  lead  these  have  been  modified  by  esti- 
mates of  the  effects  of  secondary  interactions  on  the  outgoing 
neutrons,  as  discussed  in  the  text,  to  produce  the  solid  curves. 
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Table  1 

Summary  of  integrated  cross  sections  ffd£(MeV  • mb),  for  the  reactions  studied 


Reaction/£*„(MeV)  65 

105 

145 

215 

295 

W0(y,  2n)‘*0 

0.42=0.02 

0.57  ±0.04 

0.56 

±0.05 

0.63  ±0.09 

1.29±0.16 

«F(y,  2pn)"N 

II- 

p 

5.0  ±0.3 

6.1 

±0.5 

8.4  ±1.0 

13.6  ±1.5 

”Al(y,  2pn)«Na 

8.3  ±0.3 

13.3  ±0.7 

17.1 

±1-2 

24.1  !:2.3 

31.2  ±3.3  ») 

“V(y.  a)«Sc 

12.3  ±1.7 

20.2  ±3.5 

32.5 

.■j2.6 

68.4  ::3.S 

112  ±14 

«V(y.  ot3n)«S« 

0.7  ±0.2 

6.0  ±0.9 

12.2 

±1.3 

34.1  ';:4.I 

91  ±11 

•)  £■»«  - 275  McV. 


The  dashed  lines  show  the  cross  sections  ex- 
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uscoMMo  quasi- deuteron  and  pion  emission  processes 
(curve  B) . 


Fig.  3.  Yields  and  cross  sections  for  the  ”Al(y,  2pn)”Na  reaction.  The 
zero  yield  value  at  20  MeV  was  obtained  from  an  irradiation  using 
the  University  of  Illinois  22  MeV  betatron.  The  dashed  lines  have  the 
same  significance  as  in  fig.'  I. 
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Table  IL  Cross  sections  for 
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According  to  the  photomesonic  mechanism,  the  cross 
section  for  the  reaction  can  be  written  in  the  form 

<T  = U’AP.  (1) 

Here  <To  is  the  total  cross  section  for  interaction  of 
the  photon  with  a free  nucleon  with  inclusion  of  the 
nucleon  motion  in  the  nucleus  (Oo,  as  has  been  shown  by 
Roos  and  Petersen,  depends  only  weakly  on  photon 
energy  for  Ey  ^ 300  MeV);  A is  the  number  of  nucleons 
in  the  nucleus,  and  P is  the  probability  that  the  reaction 
will  proceed  by  a given  channel. 
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P'lO.  7.  Evaporation-analysis 
plots  of  neutron  spectra  from 
(y,n)  reactions.  The  logarithmic 
plots  of  ^ (E)/(F./i*'“)  show 
moderately  good  straight-line 
6ts.  Values  of  T,  the  magnitude 
of  the  reciprocal  slope,  are 
shown.  In  some  cases,  T is 
slightly  Ugher  at  90*  than  at 
141*,  indicating  that  a weak 
component  of  direct  emissions 
is  present.  These  are  preferen- 
tiaily  emitted  at  90*,  the  direc- 
tion of  the  electromagnetic 
field. 
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fona  with  maximum  energy  1 140  MeV.  Only  the  statistical  errors  are 
shown. 
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FIG.  3.  Total  cross  section  for  proton  production  per  nucleon. 

Ey  max  * 1 140  McV.  Dashed  curve-theory  from  ref.  II.  _ 

K.  S.  Kolblg  and  B.  Margolis,  Nucl.  Phys.  85  (1968). 
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Fig.  3.  - Quasi-dcutoron  model,  dotted 
line,  and  one-particlo  direct-interac- 
tion, solid  line,  angular  distributions 
(calculated  as  described  in  the  text) 
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<.B,<20M€V  (top).  The  open  circles 
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urements, the  dots  are  data  obtained 
with  the  diffusion  cloud  chamber. 


K-  Shoda,  T.  Ishlzuka,  K.  Shimizu  and  M.  Akashl:  Joum.  Phys. 
Soc.  Japan  1536  (1962). 

20 

W.  K.  Dodge  and  W.  C.  Barher:  Phys.  Rev.  127 , 1746  (1962). 

28 

S.  Costa,  L.  Fetrero,  L.  Pasquallni  and  C.  Manfredotti: 

Lett.  Nuovo  Clmento  2,  318  (1969). 

29  “ 

S.  C.  Fultz,  J.  T.  Caldwell,  B.  L.  Berman,  R.  L.  Bramblett 
and  R.  R.  Harvey:  Phys.  Rev.  143,  790  (1966). 


FORM  N8S-418 

(R  ev.  7-1  4-641 
USCOMM-DC  260t0-P64 


photonuclear  data  sheet  1 54 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAU  BUREAU  OF  STANDARDS 


L.  A,  Currie  and  R.  H.  Rodriguez- Basques 
Nucl.  Phys.  A152,  49  (1970) 

ELEM.  SVM. 

Al 

A 

27 

Z 

13 

METHOD 

REF.  NO. 

70  Cu  1 

egf 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANCLE 

type  RANGE 

TYPE  RANGE 

G-T 

ABY 

THR-qO 

C 90 

ACT- 1 

4PI 

Tabu  4 

Bremsstrahlung-weighted  and  integrated  (>>,  t)  cross  sections  (90  MeV) 


”AI 

Zn 

Sn 

*“»Bi 

ff-i(mb) 

0.072 

0.007. 

0.06S 

0.007, 

<To(MeV  • mb) 

4.0 

0.4s 

3.8 

0.4, 

Fig.  3.  Experimental  (o)  and  statistical  mode!  (x)  absolute  phototriton  yields  (90  MeV).  Yields, 
expressed  in  terms  of  “eflcctive  cross  sections”  (/ib),  arc  plotted  versus  mass  number.  Limits  for  th* 
experimental  yields  represent  ± one  standard  deviation;  those  for  the  calculated  yields  correspond  to 
limiting  values  for  the  level  density  parameter  (— ) and  for  the  photon  absorption  cross  sectioa  (c). 


PORM  NBS-418 

IR  EV.  7-1  4.841 
USCOMM-DC  2S01Q.P44 


PHOTQNUCLEAR  DATA  SHEET  155 


U.S.  department  OF  COMMERCE 

NATIONAL.  BUREAUOF  STANOAROS 


Piaicked 

Checked  ^v/FO 

IBM  Card 
DATA 

hi 

IBM  Card 

reference 

o 

y 

C,  B,  Fulmer,  K.  S.  .Toth,  I.  R,  Williams,  T.  H.  Handley, 

G.  F.  Dell,  E,  L,  Callis,  T.  M.  Jenkins,  and  J.  M,  Wyckoff 
Phys.  Rev.  C2,  1371  (1970) 


ELEM. SVM. 


A1 


27 


13 


method 


«EF.  NO. 

70  FU  1 


hmg 


RESULT 

EXCITATION 

SOURCE 

DETECTOR 

REACTION 

ENERGY 

TYPE  RANGE 

TYPE  RANGE 

ANGLE 

E.F 

RLY 

999 

D 999 

ACT-D 

4PI 

Evidence  of  a fissionlike  process  for  nuclides 
with  a mass  < 35» 


999  = 1,5-16.0  GEV 


FORM  MBS-418 
<nev. 

USCOMM.QC  26010-P64 


PHOTONUCLEAR  DATA  SHEET  156 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAU  BUREAUOF  5TANOAROS 


TABLE  I.  Ratio  of  ylelda  of  noelldoo  oaad  to  detormlaa  Talaafl  of  K.  ylelda  Inelndo  4.0-h  and  3.4-day  **Sc*, 
which  for  tho  l.S-t  3U1-.  aad  5.0-QeV  data  won  aaaained  to  bo  twleo  tbo  yield  of  **So*. 


Eneriy 

(GoV) 

Target 

NucUdea 

Ratio  of  yloldo 
(eaperlmeiital) 

K 

l.S 

iron 

”Cr/^*Sc 

6.2 

3 

1.86 

3.0 

Iroa 

••Cr/^'So 

8.4 

3 

2.03 

5.0 

iroa 

»Cr/“So 

5.96 

3 

1.83 

16 

Iron 

‘•Ct/^^Sb 

4.0 

3 

1.50 

16 

■hrmlaum 

»Na/*r 

3.7 

3 

1.64 

0.33 

areeofci 

(Halporaaf  of 

"'t.f'.  '1 

3.9 

«^^^^|^*''*I^Slp'ern^"Rr^T^ebs^TjT'TT*Eisinge^'"^"wT"'Fair^TT^'*a^ 
H.  G.  Richter,  Phys.  Rev.  ^7,  1327  (L955). 


157 


REF. 


J,  iUirens,  H.  Borchert,  H.B.  Eppler,  H,  Ginnn,  H.  Gxindxrijm,  P.  Rlehn, 
*G.  Slta  Ram,  Zleger,  and  B.  Ziegler 
Elba-71,  Tagungsbericht  Elektronen  Beschleuniger  Arbelta  Gruppen 
rsept.  1971)  Justus  Lleblg-Unlversltat  Giessen. 


EUEM.  SYM. 


A1 


27 


13 


i METHOD 


REF.  NO. 

71  Ah  1 


hmg 


reaction 

RESUUT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

angle 

TYPE  RANGE 

TYPE  RANGE 

G ,MIT-T 

ABX 

THR-150 

C 10-150 

MGC-D 

4PI 

fif . ^ 


FORM  N3S*418 

(R  EV.  7-t 

USCOMMrOC  2«010*P64 


PHOTONUCLEAR  DATA  SHEET  158 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL.  BUREAU  OF  STANDARDS 


REF. 


Yu.  P.  Antuf  ev,  V.’’..  Agranovich,  V.  B.  Ganenko,  V.  S.  Kuz  menko, 
I. I.  Miroshnichenko,  and  P.V.  Sorokin 
Yad.  Flz.  14,  898  (1971) 

Spy.  J.  Nucl,  Phys.  l4,  502  (1972) 


METHOD 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

angle 

TYPE  RANGE 

type  range 

G.XD 

ABX 

107-999 

C 999 

MAG-D 

Dsr 

ELEM.  SYM. 

A1 


27 


REF.  NO. 

71  An  2 


13 


hmg 


999=  1. 14  -GET" 


FIG.  1 . Angular  distributions  of  deuterons  in  (7,  d)  reactions  in 
nuclei  for  E®  = 620  MeV  (a-c)  and  E®  = 1 140  MeV  (d-k).  The  sUCisti- 
cal  errors  are  shown,  a-g-angular  distributions  of  deuterons  with  energies 
of  90  MeV,  h— k— with  energy  160  MeV. 


FORM  N3S>418 

(R  EV.  7*1  4-e4i 
uscoMM-oc  zeoio-psa 


PHOTONUCLEAR  DATA  SHEET  1 59 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


S,  Coata,  L.  Ferrero,  L.  Paaquallnl , and  Manclnl 
Lettere  al  Ruovo  Clmenco  _2,  665  (1971) 


method 


CM.  a r M. 


Al 


27 


REP.  NO. 


13 


71  Co  2 


egf 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

angle 

TYPE  RANGE 

TYPE  range 

G,XN 

ABI 

36-64 

C 10-64 

BF3-I 

4 PI 

FAST  N YIELD 


FIe  2.  - Experimental  photoncutron  cron-aections  intcErated  over  photon  cncrET  between  36  amd 
61  MeV  and  divided  by  NZIA  arc  plotted  as  a function  of  tho  mass  number.  Black  dots  are  total  cross- 
sections  not  corrected  for  neutron  multiplicity;  open  circles  represent  fast  neutron  cross-sections  (see 
text).  The  dashed  lines  are  drawn  only  to  Euide  the  eye. 

FIe-  3.  — The  ratio  between  • fast  • and  total  photoneutron  integrated  cross-sections  as  a function  of 
the  mass  number  A.  The  solid  line  represents  a fit  of  the  ratios  calculated  for  some  nuclei  by  ta-lfing 
Into  account  the  theoretical  neutron  energy  spectra  given  by  G.^briel  and  Alsiiiixer  (*)  and  the  etfl- 
denciee  of  our  detector  (see  Fig.  1). 


FORM  N8S-418 

(REV.  7-I^S4l 
USCOMM.OC  2S0I0-PS4 


U.S.  department  OF  COMMERCE 

NATIONAl.  BUREAUOF  STANDAROS 


PHOTONUCLEAR  data  sheet 


160 


V,  DiNapoli,  Asil.  Lacerenza,  F.  Salve'tti,  H,G.  de  Carvalho, 

EL  EM.  SYM. 

A 

z ' 

J.  Benuzzi  Martins 

i 

Lettere  al  Nuovo  Cimento  _1,  835  (1971) 

Al 

27 

13  I 

METHOD 

REF.  NO. 

t 

71  Di 

3 

. =s£  nil 

' REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE 

RANGE 

TYPE  RANGE 

G.NA22 

ABY 

THR-999 

C 

300-999 

ACT-I 

4PI 

G.NA2A 

ABY 

THR-999 

c 

300-999 

ACT-I 

4PI 

999  = 1 GEV 


9 


r • 


T' 

? V 


1 1 


Fiv.  1.  - OownectioB  data  for  the  "AKT)  2pnr*Na  rcaetioa:  opea  circle*,  Uwm  etml.  (*);  triaacles, 
Mahaikk  (’);  miunrcM,  Kiiiuiciio  and  Korxmax  (•);  flllcd  cliclc*.  pnaent  work.  The  itraicht  line  ia  a 
IcaMt-NqiiariM  tit  u(  tho  latter  values. 


R.A.  Meyer,  U*B«  (falters,  JeP.  Hummel: 
Nucla  Phys.  I22A,  606  (1968). 

7 

A.  Masalke:  Journ.  Phys.  Soc.  Japan, 

12,  427  (1964). 

g 

B.  Frlberg  and  B.  Forkman:  Annual 
Report  1969j  University  of  Lund, 

Lund  Institute  of  Technology  (jan,70) . 


1 I 


bremsstraniung  or  photon  «oergy(GeV) 


KUc,  2.  - Thu  Hmnotli  curve  (doHliod  lino)  la  a pulynninlal  lit  of  the  data  reported  In  1.  Tho  hlatocnun 
(full  lino)  rcprcauiita  tho  a,  values  obtained  from  the  curve  by  means  of  the  photon-dllTeronoe  method. 


F'iv.  3.  - Cross-scetioii  values  for  the  ‘'AKy,  2p  3n)“Na  reaction.  Tho  straight  lino  is  a least-squares, 
at  of  these  values. 


161 


U.S.  DEPARTMENT  OF  COMMERCE 


NATIONAL  BUREAUOF  STANDARDS  J 

^ 1 


1 


„gp  V.  Di  Napoli,  D.  Margadonna,  F.  Salvetti 
J.B.  Martins 

Nucl.  Inst.  Meth.  77  (1971) 


METHOD 


H.G.  De  Carvalho, 


EL  EM.  SYM.  A Z 


A1 

REF.  NO. 

71  Di  5 


27 


13 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,NA24 

ABY 

23-999 

C 300-999 

ACT- 1 

4PI 

The  use  of  the  ^^F(Y,n)^®F,  ^^Al (y,x)^^Na , ^^^Au(Y,n)^^®Au,  and  ^^C(Y,x)^Be 
reactions  as  absolute  monitors  for  high-energy,  high-intensity  bremsstrahlung 
beams  is  discussed.  The  cross  sections  per  equivalent  quantum  and  the  absolute 
cross  sections,  in  the  energy  range  300-1000  MeV,  are  reported  for  these  reactions. 


19  18  27  24  12  7 

F(Y,n)  F,  A1(Y,x)  Na , and  C(Y,x)  Be  reactions  are  proposed  as  very  simple 

and  suitable  systems  for  monitoring  purposes. 
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FIG.  2.  Ratios  of  cross  sections  for  scattering  of  electrons,  /0|" 
ami  at  the  maximum  of  the  continuum,  as  a function  of 
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Fig.  1.  Cross  section  per  equivalent  quantum  <Tq  vs  the 
bremsstrahlung  maximum  energy.  Curve  a is  an  eye-ht  of 
the  present  work  values  (open  circles)  .^or  the  reaction 
^^Natv,  2p3»t)'’F.  Curve  b is  an  eye-fit  of  the  present  work 
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reported.  Curve  d is  an  eye-fit  of  the  present  work  values 
(reversed  open  triangles)  for  the  reaction  “0(v,  2p3n)“C. 
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FIG.  4.  The  ratio  oQ/oe 
as  a function  of  Eq  for  various 
reactions.  Points:  +— ’’aI  -* 
="Na;®-“-«Cu-*5»Co. 

Tliese  points  represent  the 
data  of  the  present  work 
and  of  ref.  3.  The  other 
designations  are  given  in 
ref.  9. 


FIG.  1 . Target  activity  as  a function  of  radiator  thickness. 

PoinU:  o-Eo  = 800  Mev,  +- 1 1 70  MeV.  e-600  MeV. 

FIG.  2.  The  ratio  OQ/oe  as  a function  of  electron  energy  Eo- 
PoinU:  o-J’Al  -*  ^‘Na;  •-“•«Cu  - **Co.  The  thin  vertical  Une  shows 
the  data  of  ref.  4,  and  the  heavy  vertical  line  with  end  bars  shows  the 
data  of  ref.  5.  The  curves  ate  theoretical. 
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Fig.  I.  The  proton  energy  spectra  for  -^AI(e,  e'p) 
'“Mg  reaction  at  90“  with  a thick  target  (7.59 
mgycm*).  The  arrows  in  the  each  spectrum 
indicate  the  ma.\imum  energies  for  po  pr  and 
P;-  protons  and  photoalphas. 


1 Fig.  4.  Tlie  differential  cross-  section  for 

; -'Al(r,  p(i)-’Mg  reaction  at  90®  which  was  ex- 

1 tracted  from  proton  energy  spectra  of  a thick 

target. 


Fig.  6.  A comparison  of  the  structures  for 
the  "Al(r.  Pol'^Mg.  "AKr.  pPMg  (ref.  15). 
"Al(r,  n)=»Al  (ref.  14),  ”Al(p,  ro)"Si  (ref.  2)  and 
’^Si(r,  n)^Si  (ref.  16)  reactions.  The  (p,  To)  cross 
section  is  that  smoothed  by  using  an  averaging 
interval  of  600  kcV. 


Fig.  5.  The  differential  cross  section  for  the 
-^AKt.  pi)“Mg  reaction  at  90’. 
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Table  I.  The  integrated  differential  cross  sections  (MeV-mb/sr)  at  90*. 
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• The  subscripts  and  superscripts  in  the  value  of  this  column  give  the  limits  of  integration  in  MeV. 
>•  R is  defined  as  . 


a)  Present  data. 

b)  Deduced  ftom  the  (r,  p)  cross  section  by  ref.  15  assuming  an  isotropic  angular  distribution. 

c)  Calculated  from  the  data  of  ref.  2. 
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Fig.  6.  Photoneutron  cross  sections  [a(y,  n)+a(y,  pn)]  and  a(y,  2n)  of  ^''Al. 


i j Fig.  22.  Ratio  of  e.xperirTtenial  integrated  photoneuiron  cross  section  ffo"  over  the  Thomas.  Reiche 

Si  and  Kuhn  sum  rule  (0.06  NZIA].  Numerical  values  .and  upper  integration  limits  £m  are  taken  from 

! l table  3.  Also  duo"  = ±7%  for  all  nuclei. 
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Fig.  i Total  photonudcar  cross  section  for  natural  Li.  The  error  bars 
indicate  one  standard  deviation  of  counting  statistics  from  the  main 
spectrometer.  The  dashed  lines  along  the  abscissa  indicate  the  uncertainty 
due  to  counting  statistics  in  the  normalizing  spectrometer.  Oscillations  of 
the  base  line  within  this  area  are  possible,  the  period  of  these  oscillations, 
however,  must  not  be  smaller  than  10%  in  photon  energy.  The  dashed 
and  dotted  lines  through  the  cross  section  values  have  been  drawn  to  guide 
the  eye. 
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Fig.  2.  Mean  absolute  cross  section  of  "F  photoproduction  vs  the 
arget  mass  number.  Open  triangle;  energy  range  0-1 5-0-72  GeV. 
?ef.  (18).  Filled  circle:  energy  range  0-3-1  GeV.  Ref.  (3],  Open 
:ircles;  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 
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Fig.  3.  .Mean  absolute  cross  section  of  *^Na  photoproduction  vs 
the  target  mass  number.  The  curve  has  been  calculated  by  means 
of  Eqn(l). 


Fig.  4.  Mean  absolute  cross  section  of  “Na  photoprcduction  vs 
the  target  mass  number.  Filled  circles:  energy  range  0-1-1  GeV. 
Ref.  [20].  Reversed  open  triangle:  energy  range  O-.T-l  GeV.  Ref. 
[8).  Open  triangles:  energy  range  0-25-1  GeV,  Ref.  [19].  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Table  2.  Cross-section  per  eq-jj-v-alent  quantum  o-pf/ib)  of 
photoproduction  of  "F 


Sremsstrahlung  ma.vimum  energy  EjCtV) 
Target  


cuclsus 
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0-40 
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60  = 10 
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350  = 20 
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65=5 

75  = 5 

90  = 5 
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20  = 3 
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60  = 5 

'The  results  for  have  already  been  published  fseef3])  and 
are  reported  for  comparison.  (over) 
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100£5 

*“Ca 

3s2 

20±3 

45  £3 

60£5 

60£5 

Table  4. 

Cross-section  per 

equivalent 

quantum 

OQiiib)  ot 

photoproduciion  of 

DI 

Bremsstrahlung  maximum  energy  £o  (GeV) 

0-73 

100 

nucleus 

0-30 

0-40 

0-55 

"Al* 

370±10 

440£l0 

500  £20 

350  £20 

660  £20 

"Si 

100±10 

140  £ 10 

160£l0 

210  £ 10 

240  £ 10 

i.p 

100  i 20 

160  £20 

200  £20 

270  £20 

310  £20 

”S 

120  £10 

160  £10 

180  £ 10 

210£10 

240  £ 10 

’’•"a 

63£l0 

100  £ 10 

140  £ 10 

190  £ 10 

220  £10 

"K 

20£5 

33  £5 

35  £5 

65  £5 

80£5 

*Ca 

12£3 

23£5 

33£3 

30£5 

60£3 

•The  results  for  ”A1  have  already  been  published  (see  [8])  and 
are  reported  for  comparison. 


Table  3.  Mean  absolute  cross-section  7>(fib) 
in  the  energy  tangeO-3-l  GeV 


Target 

nucleus 

Produced  radionuclide 

•*F 

"Na 

"Na 

"Na 

”A1* 

190±30 
120  £10 

200  ±20 

220  ±20 

"Si 

100  £10 

150±20 

120  ±10 

”P 

100  £10 

100±20 

180  ±20 

”S 

no  ±10 

120  ±10 

100  ±10 

"’a 

135±20 

100±10 

130  ±10 

"K 

45±5 

60±5 

50±5 

"Ca 

46±5 

60±5 

40±5 

•The  results  Hr  the  photoproduction  of  "F 
and  ”Na  from  ”A1  have  already  been 
published  (ReL[3]  and  [8],  respectively). 
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Fig.  1.  survey  of  the  yields  of  *’Al(y,  2prt)^*Na;  • is  the  present 
work,  c Ref.  5.  x Ref.  6,  & Ref.  7,  Ref.  8,  ▼ Ref.  3.  v Ref.  4 and 
a Ref.  9.  The  bars  of  the  present  work  and  of  Refs.  3,  4 and  9 show 
the  standard  deviations  of  the  total  errors,  while  these  of  Refs.  5-7 
give  the  statistical  errors.  The  error  bars  of  Ref.  3 are  taken  from  a 
figure  in  the  Ref. 


Table  1.  The  absolutely-measured  yield  per  Eq.  quantiun  (mb|  with 
their  errors  (non-systetnahcall  and  the  ratio  of  the  absolute  to  the 
relative  yields 


Energy 

(MeV) 

4 

(mb) 

Enor 

(mb) 

Ratio 

95 

0J37 

±0.017 

0.95 

120 

0J73 

0.013 

1.04 

170 

0.333 

0.012 

0.96 

195 

0.347 

0.014 

1.15 

240 

0.395 

0.010 

1.00 

290 

0.454 

0.010 

1.00 

340 

0.501 

0.004 

1.02 

385 

0.555 

0.010 

1.04 

43S 

0.568 

0.014 

0.94 

480 

0.606 

0.008 

1.00 

580 

0.650 

0.009 

1.03 

625 

0.675 

0.004 

1.04 

675 

0.685 

0.010 

1.02 

700 

0.690 

0.010 

1.02 

725 

0.705 

0.011 

1.09 

750 

0.691 

0.010 

1.11 

770 

0.725 

0.012 

1.02 

795 

0.731 

0.014 

0.99 

870 

0.714 

0.013 

1.15 

915 

0.757 

0.016 

1.06 

965 

0.726 

0.014 

0.97 

Mean  value  1.03 
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Cross  sections  for  some  electro-  and  photoinduced  spallation  reactions  on  ^''Al  and  -‘V 
have  been  measured  in  the  energy  region  130-580  MeV  with  the  activation  method.  The 
cross  sections  per  photon  are  compared  to  Monte-Carlo  calculations  based  on  a cascade- 
evaporation  model.  The  electrodisintegration  cross  sections  are  compared  to  calculations 
based  on  the  Dalitz  formalism  for  virtual  photon  spectra. 
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Figs.  1 and  2.  Experimental  cross  sections  <r,  and  a,  versus  energy  for  different  reactions  on  and  ” V.  The  cross  sections  (x,  deduced  from 
<T,  are  given  by  the  solid  drawn  curves,  the  hatched  areas  showing  the  uncertainty.  Dashed  curves  show  it,  calculated  from  the  low-energy  data 
in  Reference  1 1.  Crosses  give  <r^  calculated  with  Monte-Carlo  method 
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FIG.  2.  Yield  values  and  the- 
oretical values  according  to  the 
modlEed  Buds  tarn  formula  as 
a funcUon  oi  the  target  charge 
number  Z, . Points:  • — ex- 
periment, o— theory. 


23 


23  Z, 


TABI.B  I.  Experimental  yields  and  reaction  cross  sections  ob- 
tained in  the  meacurements  at  the  Erevan  electron  accelerator. 


Target 

nucletit 

Rncuon  yield,  mb 

Reaction  aois 
teciion,  mb 

*T  mnxM  GeV 

2 

i 

4.S 

s 

”A1 

0.81±0.0S 

0.87 

0.S7 

0.072t5=0.0«a 

=*Si 

0.27±0.C2 

OJ23 

0^ 

0.0267±0.013 

«S 

0.24±0.02 

0.27 

0.0323=0.0155 

a 

o.:a±o.o3 

o.?a 

C.23 

••K 

O.tiO.Ol 

0.125 

0.15 

0.00=0.0255 

«Ca 

o.os6±n.oi 

o.ri9 

0.115 

0.035 =i3.0ltiS 

:jV 

0.055=0.02 

0.W4*0.02 

0.O0S±0.02 

O.OS2±0.023 

0.019 

»*.Mn 

0.079±0.02 

U.0/o±0.02 

•■.OS7±0,017 

aiTSfliO.ois 

(\0t0:fi±0.0056 

Cu 

0,023±0.0«)8 

0.037±0.CO7 

u.n.jG±0.iX)7 

0.034z;0.007 

0.Oi«547-tO.0O2C 

Note.  The  reaction  cross  sections  have  been  calculated  in  the  1/E 
approximation  of  the  brcmsstrahlung  spectrum. 
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The  present  Figure  1 replaces  the  earlier  published 
one,  in  which  the  ordinate  scale  was  displaced  0.1  unit 
upwards. 


MAXtM'JM  BREMSSTRAHLUNG  ENERGY  (G»v) 


Fig.  1.  A survey  of  the  yields  of  ^’Al(y,  2pii)''*Na;  • is  the  present 
work,  o Reference  5.  x Reference  6.  a Reference  7,  ^ Reference  8, 
Y Reference  3,  v Reference  4 and  □ Reference  9.  The  bars  of  the 
present  work  and  of  References  3,  4 and  9 show  the  standard  devia- 
tions of  the  total  errors,  while  these  of  References  5-7  give  the 
statistical  errors.  The  error  bars  of  Reference  8 are  taken  from  a 
figure  in  the  Reference 
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Abstract:  Information  on  proton  hole  states  has  been  obtained  for  *^AI.  *®Ca  a.nd  V through  the(C;  s'p)  *SEPARATION  ENERGY 

reaction.  Lower-lying  hole  states  have  been  identified.  For  *’Ca  an  extensive  analysis  has  been 
performed  to  study  the  structure  of  the  1 s hole  state.  For  *^A1  and  * ’ V,  the  properties  of  the  Is  hole 
states  have  also  been  determined.  The  separation  energies  of  the  Ip  and  Is  states  seem  to  be 
constant  (-10  and  60  .MeV,  respectively)  for  A > 30. 


Fig.  4b.  Recoil  momcicum  dismbutions  for  ^’Al.  The  curves  are  as  in  fig.  4a. 


^■>8  4j.  Froion  separation  energy  spectra  for  ^^Al.  The  solid  curves  arc  the  result  of  the  PWIA  fit-  The 
contributions  from  each  proton  state  are  shown  by  the  dashed  curves. 
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Results  of  the  PWIA  aiulysiB 


Nucleus 

a 

Peak 

energy 

(MeV) 

Width 

(FWHM)*) 

(MeV) 

Oscillator 

const 

(MeV/c) 

”A1 

2s 

0.12±0.0l 

14.3  ±07 

4±  3 

82±4 

Id 

1.6  ±0.1 

14.0±0.6 

12±  2 

9I±I 

>P 

2.4  ±0.2 

34  ±1 

31±  3 

lOOtl 

Is*) 

57  ±3 

31  ± 9 

I4S±4 

*"Ca 

1.1  ±0.3 

10.9  ±0.7 

9±  I 

76±4 

2s 

0.9  ±0.1 

14.4±0.3 

I3±  1 

83±3 

«ds/2 

1.5  ±0.3 

19.0±I.l 

10±  I 

93  ±4 

Ip 

1.8  ±0.4 

35  ±1 

2I±  3 

85±3 

Is*) 

59  ±3 

34±10 

I44±6 

SLV 

If 

0.4  ±0.1 

10.3±1.1 

5±  3 

II5±8 

2s 

0.3  ±0.1 

15.1  ±0.2 

5±  2 

99±5 

Id 

1.7  ±0.3 

19.5±0J 

19±  2 

94±6 

Ip 

l.l  ±0.1 

40  ±I 

25±  4 

91  ±4 

Is*) 

60  ±3 

36±11 

143  ±4 

The  errors  are  statistical  only  except  for  those  assigned  to  the  peak  energies  and  widths  for  the  Is  states. 

The  experimental  energy  resolution  ( « 7 MeV)  is  not  unfolded. 

‘)  Parameters  were  determined  from  the  fit  to  the  data  of  run  II. 
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FIG.  S.  Tha  ratio  OyjAOyf  as  a 
function  of  A for  b>0.32  GeV. 
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. 2.  The  energy  spectr.i  of  photoproduced  .t-  from  C,  Al,  Ca,  and  Cu  at  90^  in  the  laboratory 

system  by  250-MeV  bremsstrahlung.  The  data  of  Ca  are  normalized  to  0.26 /ib  sterad-‘  oepawtment  of  commerce 
N!eV”-Q'‘‘for  .-?*  at  35  MeV.  The  solid  curves  are  the  calculated  spectra  of  by  a theore-  >mau  surcauof  stanoabos 
lical  model.  2i  ■] 
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Fig.  3.  The  Ti-jrr  ratio  as  a function  of  the  kinetic  energy  of  pions  produced  from  C,  Al.  Ca. 
and  Cu  by  250-MeV  bremsstrahlung.  The  solid  curve  in  (a)  is  the  calculated  energy  spec- 
trum of  ratio  including  the  Coulomb  potential  for  C.  The  dashed  curve  is  the  ratio 
calculated  neglecting  the  Coulomb  potential. 


A 

Fig.  4.  The  A-dependence  of  the  cross 

sections  at  the  pion  kinetic  energies  of  ~20  MeV, 
~35MeV,  -SONfeV  and  ~70  MeV.  The  solid 
curves  show  the  relative  A-dependence  obtained 
from  tlie  theoretical  calculation.  The  dashed 
lines  show  A-''’  dependence  only  for  cuiJing 
eyes.  „ 
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The  i4*-4ependence  ind  momeotnm  spectra  of  photoprotons  in  the  nocld  'k:,  ”A1.  "Cu,  "*Sn,  and  “*Pb 
have  been  studied  experimentally  for  maximum  oierpes  of  10.  3.0,  and  4.S  OeV.  The  A- 

dependoice  shows  that  the  proton  phocoprodoetion  ■»"*«««"»  for  £,>400  MeV  is  identicai  for  the  entire 
kinetic-aiergy  region  6S-280  MeV  and  the  angle  region  45-150*  for  the  secondary  protons  studied. 

The  dependence  of  the  exponeot  n on  the  tranavene  momeatum  is  in  good  agreement  with  the  same 
dependence  for  protons  produced  in  nuclei  by  primary  protons.  In  the  momentum  spectra  of  the  invariant 
CTOta  section  /*(£/p  ^v/dftdpQ)— exp(— it  is  observed  that  the  B docs  not 

on  the  inddent-photon  energy  and  on  the  target  nndeua,  but  depends  on  the  proton-detection  angle. 


FIG.  1.  Differential  cross 
section  for  proton  photopro- 
ductldn  as  a function  of  atomic 
number  A of  the  nucleus  at  £, 
3 2 GeV.  The  lines  a corre- 
spond to  Jp  =60*.  b to  90:  and 
c to  ISO*.  PoinU:  o— £^  = 64. 

80.  o— 101.  ■— 137,  A— 
209,  and  •— 280  MeV. 


FIG.  2.  Dependence  of  the  exponent  n in  the  A"  dependence  of 
the  cross  section  for  the  reaction  >>{  —p/1 ' as  a function  of 
proton  transverse  momentum:  a— £,  = 2.0  GeV,  b— £,  = 3.0 
GeV,  c— £o=4.5GeV.  The  points  for  a and  b:  d — 1>^  = 60*, 

0 —90*.  0—150“;  fore:  A— 0^=46*,  o— 86*.  0—136”.  The 
curves  show  the  dependence  of  n on  for  the  reaction 
A(fi,p')A'  taken  from  Ref.  9. 
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FIG.  3.  The  same  as  Fig. 
2.  Experimental  points: 
a- £,  = 0. 13.  O— 0.25,  a- 
0.4,  O — 1.2,  o — 2.0,  X — 
3. 0,  and  •—4. 5 GeV. 
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FIG.  S.  Dependence  of  the  parameter  B from  the  relation 
/~exp(— Bp^)  on  the  atomic  number  of  the  target  nucleus.  The 
solid  points  refer  to  £g  = 2.0  GeV,  and  the  hollow  points  to  £g 
= 3.  0 GeV;  the  points  e and  o are  for  0,  =60*,  a and  d are  for 
90*.  and  ■ and  a are  for  ISO*. 
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Photonuclear  reactions  in  the  targets  ”A1.  “Si.  “P.  and  ‘*Ca  have  been  studied  for  maaimam 

bremsstrahlung  energies  of  2,  2.4,  3,  and  4.3  GeV.  The  yidds  of  the  residual  nuclei  ’Be,  "C.  ‘’N.  '*F,  *GEV  5=4.5  GEV 

“Na.  and  “Na  were  measured  by  means  of  a getmanium-lithiua  semiconductor  detector  with  a sensitive 

volume  of  30  cm^  In  discussion  of  the  results  we  took  into  account  the  contribution  of  the  low  energy  part 

of  the  bremsstrahlung  spectrum.  Comparison  of  the  measured  yidds  with  )jy 

Rudstam's  formula  permitted  us  to  conclude  that  there  is  a difference  in  the  nn-phani«Ti  of  formation  of 

the  light  fragments  ’Be.  "C  and  from  that  of  the  other  residual  hucld  “F,  “Na.  and  “Na. 
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FIG.  1.  Yields  of  the  Isotope  **Na  from  Urgets  of  Al.  SI,  and 
Ca.  X— Data  of  Ref.  4,  O— data  of  Ref.  2,  V— data  of  Ref.  6, 
o— daU  of  Ref.  10,  •— daU  of  the  present  work.  The  dashed 
lines  show  the  eontributloos  of  the  low  energy  part  of  the  brems- 
strahlung spectrum  to  the  yields  of  the  reactions  Al  — **Na,  SI 
— **Na  according  to  the  data  of  Ref.  4 and  the  results  of  the 
calculations  of  the  present  work. 


FIG.  2.  Yields  of  ”Na  from  targets  of  Al,  SI,  and  Ca.  The 
hollow  symbols  show  the  dau  of  Ref.  2,  and  the  solid  symbols 
the  data  of  the  present  work.  The  lines  indicate  the  results  of 
the  calculations  of  the  present  work,  which  determine  the  con- 
trifaution  of  the  low-energy  part  of  the  bremsstrahlung  spectrum 
to  the  yields  of  the  reactions  Al  — **Na  and  Si  — **Na  for  2 GeV 
GeV. 


*«acrtwi  Ptel4v 


“C 


•K. 

••W 

•*c 

•Ka 


*K 

*a* 


ojfiaoai 

a743«ooe 

a»«ojo» 

1.117*0.013 

13U10I 

l47*a(S 

0,2*001 


031*003 

033*008 


024*001 

usMijtn 

litoOiN 

1121*1013 

flL23*10f 


0,22*001 


030*108 

ooetsooM 

iio««aoi3 


138*0.03 

Ka3«0.ui 

llOisOjQS 


12M0I 

10(7*103 

ii«3*ia» 


128*103 

121*001 


Al  UffM 

OJI 

1.03*1  U 


HU7«iai 
9 carfM 

027*103 

122*12 


o.ia*o.« 

ftarm 


S laniN 

<*7?-0ff7 


13I*0jH 
Q tarf*l 


K iMfU 


0A*lfl8 

0.035  *oar. 

112*103 


130*003 

1017*001 

lin*lU28 


OJtf 

iirr*o.t 

138*001 
1032 slOM 
1107*0.0(3 
13*003 

129*0jQS 

l.22*af 

09*108 

aoj9*oit 

0.131*1037 

0JS*00( 


0JI3«a08 

0.33*103 


123*001 

0.033*008 

1142*0038 


127*103 

134*008 

1?7*10( 

1Q8*0025 

113*101 

034*103 


■TU 

'B* 


I 1(9*1008  I 11*101 
I 008*1008  I 111*003 


I 108*0005  I iaB8«10( 
108*1003  I 


(1123*0012  I 113*1013 


Ca  UTBK 


1112*1013 
0121*008 
1243*0033 


0.19 

1108 

1298 

0iH27 

1(91 

QJ13 


034 

1.17 

038 

ooe<7 

1107 

12H 


1428 

1421 


0417 

13» 

1284 

0034 

1123 

0314 


1387 

118 


113 

II 


1147 

121 

IS 


134 

134 

1.3 
234 
12  19 
V38-I0» 


V210» 
12  N4 


178 

201 

1S(I0> 


Lf 

118 

in 

203.19 

13119 

119 


U 

7J8 


12 

137 

13-19 


Data  for  Cl  and  K targets  previously 
published  in  Reference  11. 

**G.  A.  Vartapetyan  «f  al. , Yad.  Fla.  17,  685  (1973)  (Sov.  J. 
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Cross  sections  for  electroproduction  and  photoproduction  of  charged  pions  on  and  have  been 
measured  in  Che  energy  region  130-S80  MeV  by  use  of  the  activation  method.  Special  care  has  been  taken  to 
subtract  out  background  yidds.  Photoproduction  cross  sections  have  been  calculated  from  the  region  just 
above  threshold  to  the  tail  of  the  (3.3)  resonance,  v-nucleus  final  state  interactions  are  taken  into  account 
through  optical  potentials.  Calculated  photoprodiicdon  cross  sections  are  decomposed  into  multipoles  which 
are  used  to  derive  relative  bremsstrahlung-induced  to  electron-induced  yields.  The  pronounced  effect  of  final 
state  interactions  is  pointed  out  and  discussed. 


FIG.  3.  Bremsstrahlung  cross  section  per  equivalent 
quantum  <r,  and  electron  cross  section  <r,  and  ratio 
(7,  /or,  as  a function  of  electron  energy  for  the  reactions 
^^AUy,  and  ^^Al(e,e'»*)^^Mg.  See  text  for  the- 

oretical curves. 


FORM  N3S-4I8 
IR  EV.  7-1  4-941 
USCOMM-NBS-OC 


Incident  Photon  Energy  (MeV) 


FIG.  6.  Experimental  cross  sections  per  photon  for 
the  reaction  ^‘Al(y,  ir*)^^Mg.  The  solid  curve  with  error 
bars  is  the  result  of  the  present  work.  Circles  with 
error  bars  are  the  data  of  Ref.  17.  The  dashed  curve  is 
the  work  of  Ref.  13.  The  full  squares  are  the  work  of 
Ref.  12.  Reaction  threshold  is  142  MeV. 
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A suxvcy  of  elccrtoiragnstic  transiticr.s  wcited  in  ^A1  by  180*  inelastic  electron  scattering  has  been  made 
at  incident  energies  of  37,  51.  and  61  MeV.  Transitions  to  levels  at  2.23,  198,  4.42.  8.74,  and  11.69  MeV 
are  dominantly  M I stith  some  possible  £2  contributions.  Tentative  Af  1 assignments  are  given  transitions  at 
7.57  and  8.05  MeV,  but  the  possibility  of  their  being  £1  cannot  be  eacludrf.  Transitions  to  levels  at  10.58 
and  12.30  MeV  are  probably  Af  1 but  with  considerable  £2  admixture.  A transition  at  6.50  MeV  is  alio 
probably  .Vf  1.  bat  both  £ I and  £2  are  possible  alternative  assignments.  Model-dependent  radiative  widths 
rc(.W  1)  for  the  M 1 transitions  are  given  based  on  an  analysis  of  the  data  using  simple  but  representative 
harmonic-oscillator  wave  functions  to  calculate  cross  sections. 


10  LEVELS 


T.ABI.E  1.  Values  of  cross  sectioos  for  excitation  of 
tf.®  nuclear  transitions  studie-d  at  the  three  Incident  en- 
ergies of  37.3,  50.9,  and  60.5  MeV.  

yv— irarinm  Cross  Section  (nb/sr) 

energy  (Me\’)  37.3  MeV  50.9  .MeV  60.5  MeV 


2.23 

3.40=0  «5 

2.98 

2.97*1.01 

4.42 

2.69*  1J5 

6.50 

4.29*  1J3 

7.57 

6.61*1.65 

8.05 

4.00*1.03 

8.74 

4.49*1.03 

10.63 

2.53*0.96 

11.69 

4.90*1.22 

12.30 

3.93*1.00 

2.19*0.44 

1.74  = 0.42 

1.79*0.39 

1.06*0.29 

2.10*0.46 

ldl6*0.37 

2.43*0.49 

2.00*0.50 

3.65*0.66 

1.43*0.53 

1.67*0.43 

1J’2*0.54 

2.52  = 0.55 

2.Sl±lJ2o 

2.83  = 0.62 

2.72*0.63 

3.29  = 0.72 

2.34  = 0.72 

3.54*0.33 

2.73=0.97 

TABLE  n.  Tentative  muldpolaritlea  and  ground-state  transitions  widths  for  states  in  ^A1 
electroexcited  at  180*. 


Exeitatioa  V a (eV) 


energy  (MeV) 

J'.T 

Multipolarity 

This  work 

Other  techniques 

2.23 

T*  1 A 
1 

Afl(£2) 

(3.2*  1.2)  X 10"* 

(17*9)xio"*'> 

1.9X10"* 

(1.22  *0.12)  X 10"* 

1.4X10"* 

2.98 

Adl(£2) 

0.12*0.04 

0.12' 

4.42 

! . i* 

Afl(£2) 

0.25*0.13 

0.24  *0.03'* 

.8.50 

e 

Afl(£l,£2) 

(1.2  *0.5)w^ 

7.57 

a 

Afl(£l) 

(2.3  *1.0)10 ' 

8.05 

a 

Ml(£l) 

(1.7  *0.9)*' 

8.74 

a 

M1(S2) 

(3.4  *L7)ie' 

10.68 

a 

Ml  (£2) 

11.69 

a 

Ml(£2) 

(8.8  *2.8)ae' 

12B0 

a 

M1(S2) 

A Spin  assignments  are  taken  from  Ref.  11. 

^In  descending  order.  Refs.  2,  12,  13,  and  11. 

° Reference  11. 

^Reference  17. 

'J.f  j.  or  i. 

' »=  (2>,-r  l)/(2</  = l),  where  w,  and  J are  the  grotmd  and  excited  state  spins,  respectively. 
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FIG.  2.  Plots  of  experimental  cross  section  vs  incident 
energy  for  the  transitions  observed.  In  selected  cases 
comparison  has  been  made  with  cross  section  curves 
calculated  from  the  generalized  Helm  model  for  four 
different  multipolarities.  Shown  with  the  6.5~MeV  plot  is 
a comparison  with  only  the  E2,  E2  current,  and  Afl  Helm 
curves.  The  model  parameters  used  were;  p,>P|>1.16 
fm**,  y|  = l,  g=g=0.n,  with^(t  = l for  the  electric  tran- 
sitions and  hj  = 0 for  the  magnetic  transitions  (see  Ref. 

7). 
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Cross  sections  for  photoproducCion  and  electroproduction  of  v*  on  ^A1  and  leading  to  bound  states  in 
the  daughter  nuclei  have  been  measured  at  Kharkov  in  the  energy  range  600-1 2CO  MeV  by  use  of  the 
activation  method.  Careful  comparison  is  made  to  other  recent  results  obtained  at  intermediate  and  high 
energies.  Agreement  is  found  between  the  present  data  and  results  of  earlier  work  carried  out  at  Lund  and 
DcSY.  Discrepancies  between  photoproduction  data  taken  at  different  laboratories  are  attributed  to 
differences  between  methods  of  background  subtraction.  Relative  bremsstrahlung-indu»l  to  elsctron>induced 
yield  ratios  are  compared  with  predictions  based  on  the  Dalitz-Yermie  formalism  for  virrml-pboton  spectra. 


999=1.2  GeV 


FIG.  2.  Bremsstrahlung  cross  section  per  equivalent 
quantum.  , as  a function  of  bremsstrahlung  end-point 
energy  for  the  reaction  *^AUy.  C;,  present  work; 

0.  Ref.  2;  •,  Ref.  10;  *,  Ref.  11;  ■,  Ref.  12;  A,  Ref. 
14. 


FIG.  6.  The  cross  section  ratio  versus  electron 

energy.  ^^Al— ”Mg:  •,  present  work;  O,  Ref.  2; 
hatched  region,  Ref.il.  *‘V— *'Xi:  A,  present  work; 

A,  Ref.  2.  The  solid  and  dashed  curves  are  calculated 
results  assuming  £1  and  .VTl  transitions,  respectively. 


FIG.  4.  E-xperimental  cross  sections  per  photon,  o„,v3 
photon  energy/  for  the  reaction  ’'Al'.v,  I'r^Mg.  The 
hatched  area  berTveen  threshold  and  1.2  GeV  represents 
the  present  results  with  the  uncertainties  indicated.  + 
Ref.  a;  G,  Ref.  11;  histogram,  Hef.  13:  dashed  curve, 
?.ef.  12;  hatched  region  between  2 and  4.5  GeV,  Ref.  14. 
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Tabu  3 

Summary  of  the  results  of  the  analysis  for  the  2.21  and  3.00  MeV  states  in 

Z2l  MeV,  i*  2.00  MeV,  3 LEVELS 


present  data  other  present  data  other 

measurements  measurements 


.S(E2) 

(e^-fm*) 

104±4 

90±11  •) 

55  ±3 

60±7») 

c„  (fm) 
la  (fm) 
R.^(fm)  • 

2.43 

2.69 

4.59  ±0.09 

75±8  ‘) 
97±12“) 

1.92 

Z67 

4.35  ±0.12 

•)  Ref.  *•). 

»)  Ref.  *)• 

•)  For  d =»  — 0.4S±0.02  (see  text). 
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Fig.  4.  The  PWBA  form  factors  for  the  2.21  and  3.00  MeV  levels  in  *’A1.  The  various  curves  are  the 
^ contributions  calculated  within  the  framework  of  the  intermediate<oupiing  model  *).  The  C4 
contribution  to  these  form  factors  is  small  and  is  omitted  from  this  plot. 
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Measurements  were  made  of  quasielastic  scattering  of  electrons  in  the  (e,  <’)  reaction  by  the  nuclei  n a 

*Be,  “N,  “O,  and  ”AJ.  An  experimental  estimate  is  obtained  of  the  effective  mass  of  an  intranuclear  , QUASIELASTIC 

nucleon.  At  excitatim  energies  up  to  SO  MeV,  a ratio  M*/M  ^ 0.6  is  obtained,  corresponding  to  a 

linear  potendai  V(£)  » V,  + 0.4£  and  in  good  agreement  with  the  data  on  proton  scattering  by  nuclei 

[C  M.  and  F.  O.  Percy,  Atomic  Data  and  Nuclear  Tables  13,  294  (1974)].  At  excitation  energies  above 

120  MeV  the  nucleon  effective  mass  turned  out  to  be  close  to  that  of  the  Gree  nucleon,  M*/M  a 0.9. 
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FIG.  4.  Reductloa  coefficient  iVf»/Af  as  a fimctton  of  atergy 
transfer;  e— »Be.  a-“C.  C— “N,  A— “O,  Q— ”A1.  The 
curve  has  been  drawn  through  the  experimental  points  by 
hand. 
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Abstract:  The  disintegration  of  a'liminium  nuclei  by  800  MeV  electrons  is  studied  using  plastic  detectors. 
Angular  and  energy  distributions  of  emitted  Li,  Be  and  B isotopes  are  presented.  The  compatibility 
of  the  results  with  a two-stage  process  (cascade  and  evaporation)  is  studied  with  the  aid  of  a 
Monte  Carlo  calculation. 


Ft|.  4.  Angular  distributions  of  most  of  the  detected  fragments  within  the  energy  limits  quoted  in  table  1 . 
The  lines,  normalized  to  the  experimenul  data,  are  the  results  of  a Monte  Carlo  calculation  (see  text). 
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Fig.  5.  Energy  spectra  of  the  fragments  ‘Li+’Li.  ’Be.  ’Be  and  *®B  at  mean  emission  angles  of  30^  W 
and  150  to  the  beam  in  the  lab  system.  The  lines  are  the  result  of  a Monte  Carlo  calculation  (see  text) 
and  are  normalized  to  the  experimental  data  at  90''  only.  'The  data  and  curves  at  30^  have  been  raised 
by  a factor  of  two,  those  at  150’  have  been  lowered  by  a factor  of  two. 
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Abstract— Mean  cross  sections  for  the  photoproduction  of  'Be  and  "C  from  '*F.  ^Al.  '’Si  and  ''S  targets.  'Be  from 
'**"8,  and  "C  from  ”N  and  "O  targets  have  been  measured  using  bremsstrahlung  beams  in  the  energy  range 
OJ-t.OGeV.  The  results  have  been  compared  with  previous  measurements  and  an  excellent  agreement  has  been 
found,  (n  most  cases,  the  values  obtained  turned  out  to  be  much  larger  than  those  expected  from  a simple 
spallation  mechanism.  A fragmentation  and/or  a fission-like  process  has  been  suggested  in  explaining  the 
mechanism  of  such  reactions. 


999=  1 GEV 


Fig.  I.  .Mean  cross  sections  per  photon,  d,.  of  "C  phuiuproduc- 
tion  vs  the  target  moss  number  A,.  Experimental  data  are  taken 
from;  ♦.  Ref.  [9|;  □.  Ref.  (13);  ♦,  Ref.  (2];  O.  present  work. 
The  straight  line  is  a least  squares  fit  of  the  experimental  points. 


Fig.  2.  The  same  as  in  Fig.  I for  'Be  photoproduction.  Experi- 
mental data  are  taken  from:  A.  Refs.  (6.7|;  7,  Ref.  (il;  O.  Ref. 
(91;  A.  Ref.  (lOI;  ♦.  Ref.  [Ill;  ▼.  Ref.  (121; □.  Ref.  (13).  8.  Ref. 
(Ul;  0.  Ref.  (2|;  O.  present  work. 


Table  I.  Cross  sections  per  equivalent  quantum  of  "C  photoprouuction 


^0 

(GeV) 

’S 

’«0 

Cross  Section.  Og 

'9f  2^1 

(ub) 

283, 

'^5 

3S.37C1 

0.30 

520iM 

XOeX 

no:  a 

25:10 

35:10 

45:10 

X:I0 

0.32 

S20±30 

210!X 

lX:a 

X:I0 

42:10 

50:10 

X:I0 

0.3S 

S30eS 

2X!X 

12S:X 

38:10 

45:  10 

60: 10 

40:10 

0.40 

SXt30 

2X±X 

1X:a 

42:10 

52:10 

65:10 

50:10 

0.48 

S50e30 

255:  X 

1SO:a 

53:10 

70:10 

X:10 

60:10 

0.S5 

S70iX 

260:X 

ISO:  a 

60:10 

78:10 

as:io 

60:10 

0.6S 

600tX 

SO:  a 

1X:a 

70:10 

85:10 

98:10 

75: 10 

0.7S 

S20±X 

xo=a 

1X:X 

79:10 

95:10 

110:10 

85:10 

0.90 

SSOeX 

3X:a 

190:3 

90:10 

110:10 

ia:10 

95:10 

1.00 

680!  X 

3XxX 

210:a 

100:10 

115:10 

125:10 

100:10 

Table  1 Cross  secuons  per  equivalent  quantum  of  'Be  photoproductioa 


^0 

(GeV) 

IO.II3 

Cross  Section, 

'«o 

(ub) 

2^1 

'«S1 

O.X 

isota 

200:a 

msa 

lS2:a 

40:  a 

ata 

50:  a 

0.32 

160:a 

ao:a 

ia:a 

150:  a 

4S:a 

X:a 

54:  a 

0.35 

ISO:  a 

210:  a 

IX:a 

159:a 

42:  a 

X:a 

■ 60:  a 

0.40 

17StX 

22S:a 

145:a 

1X:a 

98:a 

a:a 

TO:  a 

0.43 

19C:a 

24S:a 

163:a 

186:a 

100:  a 

S0:a 

140:a 

0.53 

200:  a 

260:  a 

137:  a 

ao:a 

93:  a 

48:  a 

90:  a 

0.65 

2atx 

280:  a 

197:a 

214:a 

140:a 

68:a 

lX:a 

0.75 

225:  a 

X0:a 

21S:a 

227:  a 

1ffi:a 

TO:  a 

1X:a 

O'.  90 

240:  a 

318:a 

2X:a 

245:  a 

1S6:a 

88:a 

165:  a 

1.03 

’50:  a 

3X:a 

242:a 

260:a 

ao:a 

97:a 

I9C:a 

FORM  NSS-418 
(REV.  7-l4>«4l 
USCOMM-NBS^C 


(OVER) 

U.S.  OEPARTMENTOF  COMMERCE 
NATIONAL  BURCAUOF  STANOAROS 


PHOTONUCLEAR  DATA  SHEET  224 


Tiblt  3.  Compamoo  bew«ir  e»peritn«ntany  determined  and  cakuliied  aott  sectiou  of  ^e  and  "C  photo- 
pMd'iction  and  indicanon  of  the  dominant  reaction  channeb 


Ttrvt 

a«clni 

OrodMct 

taiiiMl 
aucItOK 
Loll  ..'A 

4A/*j 

(■KXi) 

<w0) 

•can  <**5 
(ao) 

»ca« 

Aoporont 

HirosftoM 

(EaP-) 

t«(W) 

Fnilbl* 
JMuniui  af 
Fraeoctloii 

10.11, 

'i. 

(3) 

(»).» 

(7 

21 

2 

<50 

Spallation 

'i. 

S 

42 

110 

a 

5 

< » 

Spallation 

’S 

7 

iO 

100 

12 

9 

< » 

Ffsilan 

S94lt4t1on 

"c 

) 

21 

in 

60 

2 

« so 

SpalUtlp* 

>‘o 

9 

U 

107 

8 

13 

50<£„,<ao 

riisitn 

Fri^vnueion 

’•o 

"c 

i 

31 

117 

33 

3 

i“ 

Sp4lU:1«i 

'*F 

12 

(3 

106 

s 

21 

S0<£y,<200 

Mssian 

Fr«9Btfltatiofi 

>V 

"c 

• 

42 

MS 

16 

7 

U<2y,<2DO 

Fltl'on 
Fraxnfi  cation 
Spai laeion 

«AI 

a 

76 

142 

Z 

71 

> 250 

Fri^wiUtiofi 

"c 

16 

5» 

TO 

s 

14 

50<C^<203 

tr 

Fission 

21 

75 

56 

z 

28 

> 200 

Fr«9rcnut*tM 

”c 

17 

61 

68 

4 

17 

Fissie** 

Fr4^«nt^tl<#*i 

» 

78 

1U 

2 

S7 

• 2D0 

Friaytrttaeicn 

”c 

27 

66 

68 

3 

23 

M<c„,<ao 

Fission 

Frt9<i«n;itiQft 

“•”ci 

”c 

2«.(») 

•9. (a) 

ss 

3 

a 

SO<E^<20O 

Fission 

Fr49*4»nution 

«Ca 

33 

83 

70 

1 

70 

* 250 

Frurentation 

•C4 

"c 

29 

73 

70 

2 

B 

> 200 

Fr«7*n  totie^ 

(*) 

' ' 0^  ttte  iifftrtnc  ffcasurasants  (set  Figs.  I tftd  2). 

^ ^ CtIcuUud  vaitjes  accordfflq  to  RtF.  . 


225 


D.J.S.  Findlay,  D.J.  Gibson,  R.O.  Owens,  J.L.  Matthews 
Phys.  Lett.  79^,  356  (1978) 


CL  CM.  SYM. 

A1 


27 


13 


METHOO 


REF.  NO. 

78  Fi  7 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

— ^ 

angle  1 

rVPB  AANOK 

TYPC  PANOC 

G,P 

NOX 

45-85 

C 60-100 

MAG  -D 

DST  ■ 
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predictions  based  on  a single-particle  knock-out  mechanism  using  shell  model  wavefunctions.  The  results  show  that  this 
mechanism  is  more  important  than  has  generally  been  believed 
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Fig.  2.  The  ratio  of  the  measured  photoproton  emission  pop- 
ulating low-lying  states  to  the  single-particle  direct  knock- 
out predictions  is  shown  as  a function  of  nuclear  mass  4 for 
80  MeVbremsstrahlung.  Errors  in  the  ratio,  due  to  uncertainties 
in  our  calculations,  ate  estimated  to  be  a factor  of  U.  Er- 
rors in  the  experimental  data  are  negligible. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  ejiergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num-  ^8-  3.  Activation  yield  curves  tor  the  reactions  on  C,  Na,  Mg 

. and  Al. 
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Fig  12  The  reaction  yields  leading  to  --Na  as  a function  of 
difference  in  atomic  number  between  target  and  product  nu- 
clides. 


Fig.  13.  Production  rates  of  the  neutron  reactions  and  the 
photonuclcar  reactions  us  a function  of  distance  from  the  con- 
verter in  vertical  and  lateral  directions. 
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Abstract:  Measurements  of  the  y-ray  decay  and  angular  distributions  at  eight  low-energy  (E,  < 1 MeV) 
^‘Mg(p.  7)*’A1  resonances  lead  to  the  spin  and  parity  assignments  J*  = J'',  i*.  j*.  J*.  J, 

?■  and  \ for  the  bound  states  at  £,  = 3.96.  4 05.  5.16.  5.25.  5.44,  6.16,  6.99,  7.23  and  7.48  MeV, 
respectively.  For  other  levels,  spin  and  parity  limitations  are  set.  Also  reported  are  precise 
excitation  energies,  branching  and  mixing  ratios,  and  lifetime  limits.  For  the  resonances  additional 
information  is  given  on  energies,  strengths  and  widths.  The  reaction  0-value  is  0 = 8271 .0 + 0.5  keV. 
The  level  scheme  of  *’A1,  complemented  with  these  new  data,  is  compared  with  the  results  from 
recent  shell-model  calculations. 


J-PI,  STRENGTHS 


NUCLEAR  REACTIONS  ^*Mg(p.  y).  £ = 338.  454.  700-1000  keV;  measured  <riE^). 
(HE.,0).  £.(0);  deduced  0.  ^’Al  deduced  levels.  £,.  y-branchings.  J,n.  F.  Enriched 

target. 
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‘)  Corrected  for  solid  angle  attenuation. 
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')  Ref.  “). 


*)  The  present  work  yields  a second  solution,  = 
measurements  of  refs. 
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This  paper  presents  energy  spectra  of  a particles  emitted  following  the  bombardment 
of  ^*A1,  "*'Ni,  **Mo,  ’*Mo,  and  *”Au  with  120-MeV  electrons,  together  with  a-particle 
angular  distributions  from  ‘”Au  and  "•'Nl  for  £„  ■ 30  and  50  MeV.  The  data  are  com- 
pared with  preequilibrium  exciton-model  and  statistical-model  calculations.  It  is  con- 
cluded that  few-step  processes  are  dominant  in  the  production  of  a particles  with  ener- 
gies above  20  MeV. 


PREEQUILIB  A EMISS 


FIG.  1.  o-partlcle  energy  spectra  at  =30*,  for  E, 
» 120  MeV,  Errors  shovra  are  the  sum  of  statistical 
and  systematic  contributions.  The  solid  lines  are  a 
guide  to  the  eye. 


TABLE  I.  Temperatures  corresponding  to  the  pre- 
equilibrium component  of  the  (e,a)  reaction,  derived 
from  energy  spectra  at  = 120  MeV. 


Target 

Temperature*  (MeV) 

”ai 

5.3 

“*‘N1 

5.5 

«Zn 

5.4 

»^Mo 

5.6 

”Mo 

5.4 

istau 

6.1 

•Error  is  it  0.2  MeV., 
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The  ratio  R » <»*/o"  of  the  cross  sections  for  inelastic  positron  and  electron  scattering  on  and  ^''aI  has  been  mea- 
sured for  four  momentum  transfers  0.08  (GeV/c)*  < 0.45  (GeV/c)2  of  the  virtual  photon  and  invariant  masses  0.9i  t 

GeV  < W < 3.3  GeV  of  the  hadronic  system.  The  mean  value  of  the  ratio  is/?  = (1.005  ± 0.027).  No  q^,  respectively,  W 
dependence  of  the  ratio  is  observed. 

Table  2 

Ratio/?  = aja_  for  inelastic  lepton  scattering  on  *'^AL  The  variables  are  defined  in  table  1.  All  errors  include  the  systematic  error 
contributions  given  in  the  texL 


£i  F 3.08  GeV,  = 9" 

£l  = 7 GeV,  - 9* 

W q^  R 

(GeV)  ((GeV/e)*) 

Re(/li//li) 

W q^ 

(GeV)  ((GeV/e)2 

R 

Ref/ljM,) 

0.960 

0.223 

0.935  t 0.04 

(-1.6 

± 

1.0  )% 

3.080 

0.381 

0.947  ± 0.055 

(-1.33 

± 1.38)% 

2 

1.240 

0.199 

1.038  ± 0.044 

( 0.95  ± 

1.1  )% 

3.125 

0.357 

1.089  ± 0.063 

( 2.2 

± 1.6  )% 

1.405 

0.182 

1.071  t 0.051 

( 1.8 

i 

1.3  )% 

3.165 

0.336 

0.964  ± 0.068 

(-0.9 

± 1.7  )% 

V 

1.490 

0.172 

1.032  t 0.047 

( 0.8 

t 

1.2  )% 

3.205 

0.315 

0.965  ± 0.068 

(-0.9 

± 1.7  )% 

1.570 

0.163 

1.005  t 0.045 

( 0.1 

t 

1.1  )% 

3.245 

0.293 

0.995  t 0.058 

(-0.1 

± 1.45)% 

1.645 

0.154 

1.029  ± 0.046 

( 0.7 

t 

1.15)% 

3.285 

0.271 

1.040  ± 0.074 

( 1.0 

t 1.85)% 

Sf 

1.720 

0.144 

1.011 1 0.048 

( 0.3 

t 

1.2  )% 

1.790 

0.134 

1.000  t 0.051 

( 0.0 

i 

1.3  )% 

0.997  ± 0.035 

(-0.1 

±0.9  )% 

1.855 

0.125 

1.023  ± 0.047 

( 0.6 

1.2  )% 

i 

1.920 

0.115 

1.107  t 0.050 

( 2.7 

t 

1.25)% 

1.980 

0.106 

1.028  t 0.049 

( 0.7 

t 

1.2  )% 

2.040 

0.097 

1.114  ±0.054 

( 2.85 

± 

l.35)% 

2.100 

0.037 

1.054  ± 0.052 

( 1.35 

1.3  )% 

2.150 

0.079 

1.063  ± 0.053 

( 1.6 

t 

1.3  )% 

* 

1.008  ± 0.040 

( 0.2 

t 

1.0  )% 

Fig.  1.  Ratio  R = of  inelastic  positron  and  electron 
scattering  on  and  ^’Al.as  a function  of  the  invariant  mass 
h'  of  the  excited  hadronic  system,  calculated  for  a free  target 
nucleon. 
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Fig.  2.  Ratio  R = o*/o.  of  inelastic  positron  and  electron  scat- 
tering on  *^C  and  ^"^Al  as  a funcuon  of  the  four-momentum 
transfer  <7^  of  the  virtual  photon. 
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Inelastic  electron  scattering  form  factors  were  measured  for  the  low-lying  odd-parity  states  of  ”AI  over  a 
> momentum  transfer  range  of  0.57  to  2.41  fm~‘.  Reduced  ground-state  transition  probabilities  were  deduced 
; for  states  at  4.055  MeV(I/2-),  5.156  MeV(3/2-),  6.159  MeV(3/2-),  6.477  MeV(7/2-).  6.605  MeV(l/2-  or 
3/2"),  6.651  MeV(5/2”),  6.993  MeV(3/2"),  and  7.228  MeV(9/2").  In  addition,  the  results  support  odd- 
parity  assignments  for  the  5.827  MeV(3/2”  or  5/2'^)  and  7.477  MeV(7/2)  levels.  Attempts  have  been  made 
! to  interpret  the  results  in  terms  of  the  weak-coupling  and  strong-coupling  models.  The  measurements 
: confirm  the  apparent  high  concentration  of  Ip-shell  proton  hole  strength  in  the  4.055  MeV,l/2“  and  5.156 
MeV,3/2~  states.  To  satisfactorily  account  for  the  observed  properties  of  these  two  levels  using  the  weak- 
' coupling  model  requires  an  anomalously  small  value  of  1.35  MeV  for  the  spin-orbit  splitting  of  the  Ip  shell. 

! The  structure  of  levels  in  the  6 to  7.5  MeV  region  is  shown  to  be  based  on  the  excitation  of  Id-shell 
' nucleons  into  the  1/  shell 
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TABLE  n.  Comparison  of  experlmenal  excitation  energies  and  transition  probabilities  with 


predictions  of  weak-  and  strong-coupling  models. 


2d' 

L 

(MeV) 

Experiment 

B(CL0 

(e'fm^ 

Weak 

(MeV) 

coupling 

B(CU) 

(g*fm^ 

Strong  coupling 
B(CL  1) 

(e^  fm^) 

I’- 

2 

0.843 

13.5*  I.O’’ 

0.62 

37 

3* 

2 

1.013 

27  ±2’’ 

1.11 

43 

T* 

2 

2.211 

95  = 10  ^ 

2.27 

65 

5" 

2 

2.734 

8 * 3 

1.89 

29 

9* 

2 

3.001 

57  * s’* 

2.30 

129 

1* 

3 

4.033 

60  *25 

4.06® 

69 

3" 

3 

3.136 

41  *17 

5.16® 

39 

3" 

3 

5.827® 

5.5*  2 

5.96 

12.8 

5" 

3 

6.01 

4.2 

1* 

3 

6.605® 

86  *21 

6.52 

74 

55 

3" 

3 

6.159 

207  ±441  207 

6.20 

251 

207® 

3" 

3 

6.993 

<15  ) *47 

7.55 

95) 

5" 

3 

6.651 

367  * 55 

6.09 

398 

367  ® 

5" 

3 

7.73 

200 

7" 

3 

6.477 

217  * 32  ) 498 

6.32 

«®«U049 

232 

7* 

3 

7.477* 

281  *42)  J=53 

7.87 

131) 

9" 

3 

7.228 

604  *91 

6.92 

'282U286 

90 

9" 

3 

8.20 

4) 

11' 

3 

7.83 

446 

12 

11" 

3 

9.12 

405 

^ Reference  4. 

References  4,  9, 34. 

' Parameter  fitted  specifically  to  measured  value. 

Assuming  CO  excitation  strength  can  be  neglected. 

' Observed  state  has  uncertain  spin-parity  assignment. 
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FIG.  5.  Inelastic  form  factors  measured  for  1^-hole 
states  In^’Al,  and  comparison  with  best-fit  theoretical 
curves.  The  calculated  longitudinal  form  factors  were 
obtained  in  the  distorted-wave  Bom  approximation  using 
the  single-particle,  harmonic  oscillator  model  with  b 
= 1.35  fm.  The  7 dependence  of  the  data  differs  mark- 
edly from  that  expected  for  the  C3  multipole  of  a Id—  \f 
transition,  which  is  represented  by  a dotted  curve  at  the 
top  of  the  figure. 


FIG.  6.  Measured  (e,e')  form  factors  for  ^^Al  odd- 
parity  states  characterized,  in  large  part,  by  the  excita- 
tion of  a Id-shell  nucleon  into  the  1/  shell.  For  compar- 
ison, the  q dependence  expected  for  a C3  excitation  to  a 
Ip -hole  state  is  shown  by  the  dotted  line  at  the  top  of  the 
figure.  The  best-fit  DWBA  curves  were  calculated  using 
the  sln^e-particle  harmonic  oscillator  model  with  b 
= 1. 94  fm.  Transverse  components  were  assumed  to  be 
small  and  are  excluded  from  the  calculated  curves. 
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Measurements  of  the  charged-particle  yield  in  the 
electrodisintegration  of  ”aI  have  been  carried  out  in 
the  linear  electron  accelerator  at  our  institute.  Posi- 
tively charged  particles  emitted  from  the  target  were 
analyzed  in  momentum  by  a magnetic  spectrometer  in 
the  focal  plane  of  which  were  located  10  surface-barrier 
silicon  detectors.  This  arrangement  permitted  separa- 
tion of  particles  according  to  the  value  of  z Va,  where 
Z and  A are  the  charge  and  atomic  weight  of  the  par- 
ticle, respectively.  The  technique  permitted  simul- 
taneous detection  of  five  groups  of  particles:  p,  d,  t, 
*He,  and  ^He.  Protons  and  or-particles,  which  have 
identical  Z V A,  were  separated  by  appropriate  choice 
of  the  bias  voltages  on  the  detectors.*  An  example  of 
this  separation  is  shown  in  Fig.  1 for  particles  emitted 
at  an  angle  9=2Q‘. 

Yield  measurements  were  made  at  four  angles  9 = 20, 
55,  90,  and  110“  for  an  initial  electron  energy  100  MeV. 
The  differential  cross  sections  obtained  for  protons, 
deuterons,  tritons,  and  a particles  as  a function  of  the 


FIG.  1.  Spectrum  of  products  of  electrodlslntegraUon  of 

at  an  angle  9 = 20*. 


* ’Khar'kov  State  University. 


FIG.  2.  Differential  cross  sections  for  production  of  p,  d,  t, 
and  at  in  electrodisintegration  of  ”A1.  £,=  100  MeV.  9 = 55*.  ’ 
The  errors  are  only  statistical. 

kinetic  energy  of  the  detected  particles  (Fig.  2)  show 
that  the  a-particle  yield  is  comparable  with  the  proton 
yield.  In  the  kinetic- energy  region  7-8  MeV  the  ratio 
of  the  cross  sections  for  protons  and  a particles  as  a 
function  of  angle  is  isotropic  and  amounts  to  4.8±0.5. 
The  ratio  of  the  triton  and  a-particle  cross  sections  at 
55“  is  O.SaO.l.  This  value  agrees  with  the  data  of  Ad- 
ler et  al.,^  who  reported  the  yield  ratio  (f/*He)  obtained 
with  Y rays  at  an  initial  energy  500  MeV. 

*V.  F.  Borzhkovsklf  ef  of . , in:  Voprosy  atomnoT  nauki  1 
tekbnild.  serlya  Obshchaya  i yadernaya  fizika  (Problems 
of  Atomic  Science  and  Technology,  General  and  Nuclear 
Physics  Series),  No.  5(5),  Khar’kov,  1978,  p.  36. 

*J.-0.  Adler  etal..  Intern.  Conf.  on  Nucl.  Phys.  with  Elec- 
tromagnetic InteracUon,  Abs^acts  of  Contributed  Papers, 
Mainz,  5— 9 June,  1979,  West  Germany,  p.  4.1. 


Translated  by  Clark  S.  Robinson 
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Photon  absorption  by  Al,  Ta.  and  Bi  between  3 and  30  MeV  was  measured  using  as  a photon 
spectrometer  a photoneutron  time-of-flight  detector  and  a liquid  deuterium  target.  The  atomic  cross  sections 
of  Ta  and  Bi  at  the  lowest  energies  (and  of  Al  at  higher  energies)  agree  with  calculated  values  appearing  in 
published  tabulations  but  exceed  them  at  23  MeV  by  about  2%  in  Ta  and  3%  in  Bi.  Calculations  by  others 
using  empirical  Coulomb  corrections  and  improved  screening  corrections  to  the  cross  section  for  pair 
production  by  the  nucleus  agree  with  experiment  to  within  (0.5  + 0.4)«r.  Best  experimental  values  of  the 
combined  correction  for  Bi  are  given. 


D(G,N)  SPECTROMETER 


NUCLEAR  REACTIONS  *^A1,  '**Ta,  measured  total  photon  absorption 

cr,(E):  observed  GDR;  deduced  electron  pair  production  a k(E)-,  £=3.0  to  30.0 
MeV;  resolution  300  koV;  deduced  experimental  values  for  Bi  of  the  combined 
Coulomb  and  screening  correction;  *II(y  ,n)  LD2/TOF  spectrometer. 
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Double  differential  cross  sections  for  the  photo^mission  of  protons  and  charged  pion  production  were  investigated  for 
a number  of  target  nuclei  (He,  Be,  C,  O,  Al,  Ti,  Cu,  Sn,  Pb)  in  the  photon  energrtange  k - (215-386)  MeV.  On  the  basis 
of  these  experimental  results  the  total  hadronic  aoss  section  was  determined. 


Fig.  7.  Parameter  oq  uz  function  of  photon  energy  (data  points)  compared  to  the  mean  cross  section  for  a free  nucleon  (solid  line). 


The  total  hadronic  cross  sections  for  all  measured 
elements  can  be  parametrized  in  the  form 

a(k,A)  = OQ(k)  - A*  , 

A being  the  atomic  number,  with  a constant  exponent 
jc  = 1.1-.  The  photon  energy  dependence  of  Og  is  shown 
in  fig.  7.  Compared  to  the  mean  cross  section  for  a free 
nucleon  (the  solid  line  in  fig.  7)  the  excitation  of  the 
A-resonance  is  suppressed.  Such  a suppression  is  ex- 
pected in  the  A-hole  model  [11]. 
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Abstract;  Double  differential  cross  sections  for  the  photoeinission  of  protons  and 
charged  pion  photoproduction  were  investigated  for  a number  of  target  nuclei 
(He,  Be,  C,  0,  A1 , Ti , Cu,  Sn,  Pb)  using  the  tagged  bremsstrahlung  beam  at 
the  Bonn  500  MeV-Synchrotron  in  the  photon  range  k = (215-386)MeV.  On  the  ba- 
sis of  these  experimental  results  the  total  hadronic  cross  section  was  deter- 
mi ned . 
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Fig.-  2.  Cross  section  for  the  process:  y + Pb  ■*  p X. 
The  proton  threshold  is  58  MeV. 


Fig.  3.  Total  hadronic  cross  section  for  Be.  The  data  are  compared  to  the  cross 
section  taken  from  ref.^). 

The  photon  energy  dependence  of  the  total  cross  sections  for  heavier  nuclei 
results.  The  complete  data  set  can  be  parametrized  in  the 


a(k,A)  = a^(k)  . A"'. 

The  exponent  is  constant  x = 1.1.  The  photon  energy  dependence  of  un  is  shown  in 
fig.  4.  Compared  to  the  mean  cross  section  for  a free  nucleon,  the  excitation  of 
the  a-resonance  is  suppressed. 
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Abstract.  Lifetimes  of  49  excited  states  below  1.65  MeV  have  been  measured  in  ’‘Mg  '’a1 
**Ti.  ’*Ni.  ”Co.  “-“Ni.  ‘^“Cu.  “■“•‘^Zn.  ”As,  '®’Rh,  ''^  ''^In,  "‘•‘"•‘"Sn  and  ‘^''"^Sb 
by  means  of  nuclear  resonance  fluorescence  experiments.  The  levels  are  excited  by 
bremsstrahlung  x-ray  photons.  The  seif-absorption  technique  applied  to  suitable  cases 
provides  nuclear  absorption  cross  sections,  widths  and  lifetimes  from  which  the  x-ray 
spectral  distributions  are  also  obtained.  Scattering  experiments  are  performed  for  all  other 
cases  in  order  to  obtain  widths  and  lifetimes  from  these  x-ray  photon  curves.  The  Compton 
effect  in  the  sample  is  taken  into  account.  Self-absorption  provides  ^Po  from  which  P is 
deduced  using  adopted  J’  and  Po/P  values;  scattering  provides  u=g(PoyP)»T®)  front 
which  P is  also  deduced  with  J,  Po/P  and  mixing  ratios  taken  from  the  literature.  Thanks  to 
simultaneous  determination  of  the  x-ray  spectra  ail  the  lifetimes  as  given  by  our  programs 
with  their  statistical  errors  form  an  unusually  coherent  set  of  values. 

NUCLEAR  REACTIONS  (y.  /),  bremsstrahlung  excitation:  natural  isotopes:  **Mg, 
‘^Al.  **Ti.  ^'Ni.  ’*Co.  “-“Ni,  ‘^“Cu,  ‘‘■“•“Zn.  ”As,  ‘®’Rh.  "^-"^In.  "••‘“■'“Sn 
and  '*'  '"Sb;  £=0.5-1.65  MeV;  measured  gPo  or  gfPi'PlMT®);  deduced  Txn- 
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texte. 

Remarque.  Pour  ca'culer  6^  quand  nous  ne  disposons  que  de  B(F12),  pour  un  melange  (E2)  + (MI).  nous  deduisons  jro(E2)cr  fl(E2)P,^ ; en 
admcttant  WW)=  I et  connaissant  Po/r,  notre  determination  de  u donne  une  premiere  approximation  de  jPo  d’oii  une  valcur  de 
<5^  =(i;ro(E2))/fgro  -gPo(E2))  qui  permet  d’ameliorcr  IM^l'et  gPo  de  proche  en  proche. 

* Swann  (1971);  ^ Robinson  el  al(  1967); ' (P(W)  = 0.99  calculc  d’aprcs  la  formule  de  Celliers  el  a/ (1977);  Abbondanno  ei  al  (1978); ' Saver  et  a! 
(1972);  ^Tuttle  et  al  (1976);  ' d’apres  0(E2)  de  Barnes  el  al  (1966);  ''  calcule  d’apres  Booth  el  al  (1973); ' Williams  et  al  (1975); ' Dietrich  et  al 
(1970). 
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Fig.  1.  Spectrum  of  electrons  scattered  by  the 

nucleus  at  Eq  = 75*31  HeV,  a = 90*.  The  upper 

part  of  the  figure  shows  the  inelastic-scattering 
spectrum  against  the  background  of  a radiation 
tall;  the  lower  part  shows  the  spectrum  after  sub- 
traction of  the  tall. 


Fig.  3.  Form  factor  of  inelastic  scattering  of  electrons  for  the  2.21  MeV , 7/2* 

state  of  ^"^Al.  The  open  circles  represent  the  present  experiment;  the  filled 
circles  represent  the  result  of  C3l*  The  solid  curve  corresponds  to  calculation 
according  to  the  shell  model  [16] j the  dashed  curve  corresponds  to  calculation 
according  to  the  intermediate-coupling  model  [3.17]. 

Fig.  4,  Form  factor  of  inelastic  scattering  of  electrons  for  the  3*00  MeV,  9/2+ 

level  of  ^"^Al.  The  open  circles  represent  the  present  experiment;  the  filled 
circles  represent  the  results  of  [3].  The  solid  curve  corresponds  to  calculation 
according  to  the  shell  model  [16];  the  dashed  curve  corresponds  to  calculation 
according  to  the  intermediate-coupling  model  [3. 171- 


form  N8S-418 

(REV.  7.I4.S4) 
USCOMM.OC  28010.PS4 


U.S.  DEPARTMENT  OF  COMMERCE 
NATION*!.  BUREAUOF  STANDARDS 


I 


PHOTONUCLEAR  DATA  SHEET 


242 


I 


I 


REP  B.S.  Ishkhanov,  I.M.  Kapitonov,  V.I.  Shvedunov,  A.V. 
Yad.  Fiz.  865  (1981) 

Sov.  J.  Nucl.  33,  453  (1981) 


METHOD 


Shumakov 


EL  EM.  SYM.  A 


A1 

REP.  NO. 


13 


81  Is  4 


egf 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  PANCe 

G,P0 

ABX 

13-29 

C 1 7-30 

TEL-D 

90 

G,PL 

Photoprocon  spectn  have  been  obuined  from  the  ”A1  nucleus  at  14  bremsstrahlung  maximum  energies  L “1,2,  "5  ”,17, 39  ( 8 , PL  ) 

in  the  range  17.0-29.7  MeV.  From  the  spectra  we  have  calculated  the  partial  cross  sections  for  the 

phoioproton  reaction  with  formanon  of  the  final  nucleus  in  the  ground  state,  the  first  two  exated  states,  and 
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PACS  numben:  23.20.  + y.  27.3a  + 1, 24.30.Cl 


nc.  2.  Combined  difference  proton  spectra  from  ’'AI;  a— 
In  the  excitation  energy  region  17-29  MeV;  b — in  the  excita- 
tion energy  region  17-18.7  MeV. 


TABLE  I.  Energies  of  states,  energy  resolution  In  partial 
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FIC.  3.  Fbrtl.nl  cross  sections  for  the  reaction 
with  formation  of  the  final  nucleus  in  various  states. 
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FIG.  4.  Cross  section  for  the  {y,p)  reaction  in  determin- 
ed by  transitions  of  nucleons  from  the  shells  ld-2s  ( a)  and  \p 
(b).  The  solid  curve  is 
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Abstract:  Photoproton  spectra  from  were  measured  from  14.8  to  27.6  MeV  e.xcitation  energy  in 
400  keV  steps.  From  these,  high  resolution  photoproton  cross  sections  to  low-lying  sutea  of  the 
residual  -'’Mg  nucleus  were  deduced.  The  large  integrated  cross  sections  to  these  states  justify 
the  interpretation  ol  the  de-excitation  >'-ray  measurements  which  consistently  indicate  strons 
population  of  low-lying  residual  states  following  photodisintegration.  Further,  the  results  are 
discussed  with  reference  to  the  particle-hole  model.  By  examination  of  the  microscopic  configura- 
tions of  the  possible  GDR  states  an  explanation  is  proposed  for  the  differences  in  the  cross  sections 
to  various  residual  states.  Finally,  the  results  are  compared  with  spectroscopic  factors  determined 
from  pickup  reactions  on  -’’Al. 
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Fig.  4.  Oifl'cremiul  cross  seciions  ut  90*  lo  the  ground  and  first  excited  states:  (a)  *^AI(v.  Po)  ^nd 

(b)'’.AlC/.  p,). 


Table  I 


Results  and  comparison  with  previous  measurements 


Residual  state 
in 

[from  ref.  '^)] 
(MeV) 

d<r 

(at  90“) 
(MeV  • mb/sr) 

•) 

da 

(at  90") 
(MeV  • mb/sr) 
'■) 

d<T 

(at  150") 
(MeV  ■ mb/sr) 
') 

0.  0* 

0.60  ±0.06 

0.45  ±0.06 

1.809,  2* 

1.61  ±0  17 

0.92  ±0.2 

2.00±0.5 

2.938,  2* 

0.9  -1-0.2 

0.74±0.15 

3.588,  0' 

•) 

(0.32±0.1)  ■*) 

3.941,  3’ 

•) 

4.318,4"-  "1 

1.5  ±0.2 

4.332.  2*  y 

2.7  ±0.6 

< 0.25 

4.350.  3*  J 

0.5  ±0.2 

4.834.2* 

0.63±0.15 

4.900. 4*  1 

1.4  ±0.5 

< 0.2 

4.972.0*  j 

*)  Present  results. 

'’)  Results  of  Tsubota  er  a/. '*). 

‘)  Results  of  Thomson  from  a de-excitation  gamma-ray  measurement  **). 

*)  This  assignment  is  uncertain  ' ^). 

*)  These  states  were  assumed  to  be  unpopulated  in  the  present  analysis  (see  text). 
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Absiraci:  The  angular  distributions  of  the  '’Al(y.  p,,)  and  ^’’AKy,  p,)  reactions  were  measured  over  the 
GDR  energy  region.  Both  reactions  exhibit  considerable  anisotropy  indicating  the  effects  of 
multipole  interference.  From  the  behaviour  of  the  fitted  Legendre  polynomial  coefficients  the 
principal  Ip-Ih  configurations  in  the  ''AKy,  p,,)  reaction  were  investigated  and  an  approximate 
cross  section  for  the  E2  component  deduced  using  justifiable  assumptions.  The  angular  distribution 
of  the  ^'Al(y,  p,)  reaction  is  qualitatively  similar  to  that  of  the  ^’Al(y,  p,,)  reaction.  However  if 
onlv  a single  intermediate  configuration  is  involved  it  appears  that  the  first  excited  state  (2*) 
of  ^*Mg  is  likely  to  be  populated  by  Pj  , proton  emission  whereas  the  ground  state  (0*)  is 
populated  predominantly  by  f,,j  proton  emission  from  the  ^’Al  GDR. 


NUCLEAR  REACTIONS  ”Al(e,pl.  £ = 16.8-25.6  MeV ; measured <r(£, 6). derived  <r(y.  p,. 9). 
^^Al  deduced  GDR  configurations.  E2  decay  characteristics. 


Fig.  7.  The  small  E2  component  of  the  ^’Al(y,  Po)  cross-section  calculated  from  eq.  (7)  (see  text)  is 
plotted  in  the  lower  half  of  the  diagram  w hile  the  total  cross  section,  given  by  4it/to.  plotted  in  the  upper 

half  for  comparison. 
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Fig.  5.  The  Legendre  polynomial  coefficients 
Uj,  Uj.  tij.  tlx  obtained  from  tits  to  the  measured 
angular  distributions  of  the  -’AKy.  p„)  cross 
section. 


Fig.  6.  The  Legendre  polynomial  cocfficienis 
■io.  and  i;,  as  a function  of  energy  for  ihe 
■ AKy.  p„)  reaction. 
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Fig.  I.  The  *''AI('/,  Po)  differential  cross  sections  measured  in  15®  steps  from  45®  to  135®.  The  angle  at 
which  each  cross  section  is  measured  is  superposed. 
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Fig.  1.  The  '’AKv,  p,)  differential  cross  sections  measured  .it  the  7 angles  under  study. 
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Tab  LX  VI.  Gximna  rays  from  "AI(»,t)**A1;  £a-35  keV,  /»«  (3)'*‘. 


SOURCE  35.89  KEV 


/C,  (MeV) 


/,  (|icr  KM) 
caplurcs) 


60:kS 

4±2 

10±2 

4db2 

4±2 

(3) 


Assignment 


C — 0.  C — 0.03 
C — 0.97,  1.02 
C—  1.63 
(C  -»  2.28) 

4.77  — 0 


Ft,  (meV)  10001  iH|» 


(3+)  — 3*  2* 
(3)+  — (0.2)- 
(3)-*--  (2,3)+ 
C(3)^^(<5)+] 
(<4)--3+ 


3 

(C  — 3.59) 

[(3)-^-  (<4)-] 

5 

(C  — 3.88  — 0) 

,(3)+-{<4)-- 

4 

(3.59  — 0) 

(<4)--3*] 

4 

3 

(C  — 4.77) 

L(3)^-  (<4)-] 

4±2 

(2.59  — 0) 

[(<5)^-3-^] 

(9) 

(3) 

20±S 

2.21-0,  (H(«,7)D) 

(<5)+  - 3* 
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(2,3)+  — 3+ 
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1+— 2+ 

12=t3 
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[(0,2)+ -3]+ 

■3*2 
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36 

90 
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6 

19 

(II) 


(0.6) 
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‘ Parentheses  imply  marginal  credibility. 
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Tabue  VU.  Gamma  rays  from  "Al(»,y)“Al;  Ea-89  keV,  /•— 3*; 


/.  (per  100 

Ey  (MeV)  captures) 

Assignment 

Tti  (meV) 

lOOOjMI' 

7.80 

15±2 

C — 0,0.03 

3+  — 3+  2+ 

90 

9 

6.81 

ll±3 

C — 0.97,  1.02 

3+—  (0,2)+>  (2,3)+ 

66 

11 

(6.4)* 

(S) 

(C^  1.38)* 

5.60 
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(C— 2.15,  2.21,  2.28) 

3+—  (<5)+ 
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5.18 

> 12db3 
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12 

4.80 

11  ±3 

(C  — 2.W,  3.01) 

4..10 

14±J 

(C  — 3.16,  3.54) 

(3.9) 

(7) 

(C  — 3.K8  — 0) 

3.55 

20±4 

JC-^  4.24 
\3.54  — 0,  0.03 

3.1 

13±4 

3.10  — 0,  0.03 

2.65 

12±4 

2.67  — 0,  0.03 

2.25 

26±5 

(2.28  — 0.03 
\2.21  —0 

1.66 

30±5 

1.63-0 
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word  si  lex  meaning  "flint".  Before  1787  chemists  thought  that  the 

compound  of  silicon,  silica,  was  an  element.  It  was  then  that  Lavoisier 

speculated  that  silica  was  an  oxide  of  an  unknown  element.  In  1817 

Berzelius  decomposed  iron  silicite  in  such  a way  that  the  presence  of 

another  metal  was  indicated.  Finally,  in  1824,  he  showed  that  this  metal  Si 

was  derived  from  silica  and  he  succeeded  in  preparing  the  amorphous  form 

of  it.  The  crystalline  form  was  first  prepared  by  Sainte-Cl aire  Devi  lie 

in  1854  by  electrolysis  of  impure  sodium  chloride  containing  about  10% 

silicon  in  the  melt.  Shiny  platelets  of  silicon  were  obtained  when  he 

dissolved  the  aluminum. 
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Ref.  P.G.  Bizzeti,  A.M.  Bizzeti-Sona,  M.  BoccioLini, 
G.  Di  Caporiacco,  M.  Mandb 
Nuovo  Cimento  £6^  l4l2  (1962) 


Elem.  Sym. 


A 


Z 


Si 


14- 


Method  jg  Graaff;  7's  from  Li  (p,y)  reaction; 

junction)  detector 


Ref.  No. 

62  Bi  1 


solid  state  (silicon 


JHIl 


Reaction 

E or  AE 

^0 

r 

Si^®(7,p) 

17.6 

Si^®(Y,a) 

AE  = 100 
keV 

T.^ble  I. 


Values  of  relanve  intensity  of  the  various  peiks  with  respect  to 


e 

ens  9 

Encrey 
aliift  (keV') 

ipi-  p-ji’t) 

PVP9 

PVPi 

0“ 

- 1.00 

-67.8 

0.70-0.00 

0.53  — 0.05 

0.17-0.03 

0.17-0.02 

41“  .w 

-0.75 

- .’1O.8 

1.04  r:  0.00 

0.77-0.05 

0.27-0.03 

0.16—0.02 

60“ 

- 0.50 

- 33.9 

1.44-O.08 

0.90-0.05 

0.54-0.03 

o.is^o.oi 

75“  30' 

- 0.J5 

- ltt-9 

1.73r0.10 

0.87-0.00 

o.stt^o.oe 

II 

C 

b 

•e 

90“ 

0 

0 

1.41  z;  0.08 

0.71-0.05 

0.70-U.05 

li.l5-0.02 

104“  30' 

- 0.25 

— 1 6.9 

0.84  — 0.04 

0.38-0.03 

0.46-0.03 

0.06  z:  0.01 

1:10^ 

— 0..50 

- 33.9 

0.S4  — 0.0.3 

0.43-0.03 

0.41  z:*'  03 

< 0.03 

(*)  FIrn>r*  «hnnrn  arc  onlT  ermm;  niaxmiuni  unccrtalatic*  nt  other  onrla 

(baclommnd  i-valuatloo.  wpamtloo  of  m-tithbourtne  penk*.  wall  effrets.  rte.i  w vi»tlmated 
to  fnmt«  from  is  to  7 "i  for  lowr  nnd  Inither  vnlur*  n'^pcotlvelr.  In  addition  * ponnblc  | 
uncertainty  m the  ircomctrlcnl  vondltUms  t«*«timnted  to  be  lesa  than  7 > may  introduce  a i 

dVMtcmatic  error  In  the  value  of  the  eneno*  ahift  whirh  ramres  from  l.i  keV  ot  o-  to  ?.5  keV  | 

at  UO-’.  The  rnerirT*''P™'*d  for  erorr  sinale  point,  however,  is  determined  e-^-entinllv  by  the  1 
width  of  the  rvoonanin*  iim  z*l  keV.  The  niiioa  ahotvn  wi-re  evalunted  through  an  ubji'Ctlre  | 
oritcnon  suitAblv  chon>a'n  for  the  heat  oepamtloa  of  the  pcsks;  aa  a rceuit.  the  valuva  may  j 
bo  expected  to  differ  somewhat  from  the  rrua»>«ee(ioii  mtl«m  for  tranaitions  to  the  cufrr ■ [ 

-•pondlntf  rtnaJ  levels.  They  .m*.  howexer.  pnipomonul  to  them  throiufli  u furtor  uhieh  i*  I 

about  I and  doe*  not  ilep*'nd  on  ewnry.  i 


J rr 


Notes 


E spectra  in  Figure  1,  with  E 

P or 

peaks  included. 

Si  detector  irradiated  giving  4-n 
detector. 

a fluctuations  studied. 


^ 5a  jp 


Fit. 


° -33  9 0 33.9  07*  -33.9  0 33.9 

KoV 

- lotcn*ilv  ratio  of  the  varaooe  p»-«ka  with  reopeet  to  p*.  r». 

T rudlMtkm. 


eueriTT  al  ift  of  incident 


60C* 


C^oone/  numoffc 


♦ 5678 

5 ( Vev ) 

Klff.  1.  - Typical  *^^Ur.  p>  and  <t.  xl  eneirr  <pcctra  at  vanoti*  excitation  ooerviva  naar 
17.64  MeV.  The  enervT  ahifta  of  incident  r-rayt  are.  from  the  top,  -rSf.a.  -r  Itt.P  and 
keV.  r«'spcctix*ely.  Note  abifted  meiry-acto. 
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L.N«  Bolen,  W.D.  Whitehead 
Phys.  Rev.  1^,  2251  (I965) 


Elem.  Sym. 


Si 


kef.  No. 

63  Bo  1 


lif- 


Method 


Synchrotron;  neutron  yield;  BF^  counters;  NBS  chamber  monitor 


JHH 


Reaction 


E or  AE 


<Td  E 


J IT 


Notes 


Si(Y,n) 


Bremss. 

10-30 


FORM  NBS>41B 

(8-I-S3) 

USCOMM-OC  I8888-Pe3 


28 

J = 80  MeV-mb 

th 


Fio.  2.  Si(y,n)  cross  section  unfolded  using  J-MeV  bins 
(top  curve)  and  1-MeV  bins  (lower  curve). 


For  "E^"  and  "cj(mb)",  see  Table  III, 
below. 


Tabu  IIL  SuramAry  of  d&U  from  this  expshmeot  giving 
energy  postioos  of  l«veis  found  in  our  cross  sectiofis  sad  com- 
^poodiag  dttA  from  other  experiments. 


Univeraty  of  Virginis 

Gov^ 

Kimura^ 

Efemeic  £(MeV) 

r(rab) 

£(Me\0 

/•(MeV) 

Si  16.0 

1.2 

18.5 

8.4 

18 

19.75 

14.7 

18.9 

18.9 

20.75 

18.4 

20 

20.0 

22.75 

9.4 

21.4 

21.4 

24.J5 

7.1 

Cnivtnity  of  Vlrgmia 

MutsnroP 

£(MeV) 

e(mb) 

£(MeV) 

•(mb) 

13.5 

6 

P 14.75 

3.9 

14.6 

8 

15.75 

S.6 

15.8 

14 

17.25 

9.2 

(17) 

(17) 

I8J5 

10.2 

17.5 

21 

19.25 

11.5 

19.0 

22 

20 JS 

13.6 

20J 

22 

21.25 

16.4 

22.75 

19.3 

24.25 

I3J 

Unhremty  of  VtrgmtA 

Mauun^ 

£(MeV) 

•(mb) 

£(MeV) 

•(mb) 

S 16 

1.7 

15.7 

7 

17.5 

6.0 

I6J 

10 

18.25 

9.0 

17.9 

20 

19.75 

13.4 

18.75 

11 

21.25 

12J 

19.7 

16 

22.73 

11.3 

24.0 

9.0 

• Sm  U.  If. 

‘ N.  Mutsuro,  K.  Kageyama,  M.  Mishina,  E.  Tanaka,  and 
\I.  Kimura,  T-  Phvs.  Soc°  Japan  17,  1673  (^1962) . 

» H.  ercoife,  A.~B.  mterimCig  «■  TlMirhilw,  Mud. 

M.  480  (1961). 


M.  Kimnn.  K.  Stedi.  ».  Uutwan,  T,  TkM.  C.  Skl^ 

K.  Kotoda,  K.  SniyainB,  aod  T.  AUba,  J.  ShjiaSee.  jh^Mi  li» 

UM  (I960).  ' 

Table  U.  Interred  cross-section  values  obtained  from  the  (y,n} 
cross  sections  of  elements  measured  in  this  laboratory.* 


Element 

Limits  of 
integration 
threshold  to 

J^dE 

MeV-mb 

Dipole 
sum  rule 

MeV-mb 

% of  DSR 
exhausted 
by  (y,n) 

0 

31MeV 

46 

240 

19 

-Mg 

29 

34 

360 

23 

M 

28 

97..S 

405 

24 

Si 

28 

80 

420 

19 

P 

28 

127 

465 

27 

S 

28 

81 

480 

17 

Ca 

28 

74 

600 

12 

N 

25 

60 

210 

29 

50 

116 

30 

Ar 

25 

392 

600 

65 

50 

598 

100 

Li 

25 

39 

105 

37 

50 

93 

89 

^ See  Refs.  1.  li.  and  I J. 


‘ L.  N.  Bolen  and  W.  0.  Whitehead,  Phvs.  Rev.  Letters  9,  458 
il962).  ■ 

R.  W.  Fast,  P.  -V  Flournoy,  R.  S.  Tickle,  and  W'.  D.  White- 
head.  Phys.  Rev.  118.  535  (19(50). 

” K.  Min.  L.  N.  Bolen,  and  W.  D.  Whitehead:  Phys.  Rev. 
132,  749  (1963). 
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Ref-  J.T.  Caldwell,  R.R.  Harvey,  R.L.  Bramblett,  S.C.  Fultz 

Phys.  Letters  6j  215  (1965) 


Elem.  Sym. 


Si 


lit 


Method 


Monochromatic  photons  (annihilation- in- flight) 


Ref.  No. 


65  Ca  1 


EGF 


Reaction 


E or  AE 


s 


ad  E 


J 


Notes 


2A. 


{y,  n) 


15-30 


\ 68.8 

) 0 


Inaction  in  Table  5 represents 
fraction  of  experimentally  observed 
to  51  MeV. 


Table  3 

Eneror  lavela  and  fracttonal  dipole  atreogthe  of  S|28. 


(Y.n)  Energy 
(MeV) 

r 

(MeV) 

9 

(mb) 

Fraotlan  of 
Dipole  Strength 

(p.Y)  Energy 
(MeV) 

18.1 

0.88 

3 

O.OS±0.02 

18.1 

18.8 

0.47 

3.7 

0.03  ±0.02 

18.5 

IB.O 

0.88 

S 

0.08±0.03 

19.0 

19.8 

0.88 

8 

0.12±0.04 

20.0 

20.9 

1.S8 

9J 

0.34±0.07 

21.3 

I 

I 

1 


1 


• 'i 
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K.  Sato 

J.  Phys.  Soc.  Japan  1353  (1963) 


Si 


14 


Betatron;  neutron  cross  sections;  BF^  counters;  ion  chamber 


REF.  NO. 

63  Sa  1 


NVB 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPe  RANCK 

TYPE  RANGE 

G,N 

ABX 

10  - 24 

C 10-24 

BF3  - I 

4 PI 

a»b  in  Table  I refer  to  two  Lorentz 
shaped  peaks  in  the  split  giant  resonance. 

-24  2 

Quadrupole  moment  = 0.3  x 10  cm  , 
based  on  Danos ' theory. 

-24  2 

Qq  =0.12x10  cm 


Table  I.  Resonance  Parameters 


Na» 

Si“ 

Ea 

16.5  Mev 

18.75  Mev 

<Ta 

6.3  mb 

11.0  mb 

Fa 

4.0  Mev 

2.0  Mev 

E„ 

21.0  Mev 

20.75  Mev 

10.5  mb 

13.0  mb 

A 

4.0  Mev 

2.6  Mev 

Fig.  3.  The  (r,  re)  cross  sections  for  Si. 

Solid  line:  present  data  obtained  from  the  yield 

curve  for  the  summation  of  the  7- 
runs. 

Dotted  line;  data  of  Katz  et  al“. 

The  arrows  in  the  figure  show  the  threshold 
energies. 

9)  L.  Katz,  R.  N.  H.  Haslam,  J.  Goldemberg  and 
J.  G.  V.  Taylor:  Can.  J.  Phys.  32  (19541  580. 
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Phys.  Rev.  JL3^,  BL022  ( L964) 


METHOD 


EL  EM.  S rM. 

Si 

REF.  NO. 


14 


Linac 


64  Go  3 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  range 

E,E/ 

ABX 

12 

D 40-70 

MAG-D 

180 

FMF 


Table  L Data  on  4UI  transitions. 


1 

MeV/e 

Cross  section* 

l(^/lir,“«(?)  11/41 
Reference  (10”*) 

»(i/?»)|(7/lir,-.(,)iij,>ii 

[l0-‘(.\IcV/c)^] 

IS.l-McV  level  ia  C’ 

Photons 

1.S.I 

(2.0Sd=0.27) 

8 

0.044 

(0.19  ±0.025) 

Electrons 

6S 

(2.0  =0.3) 

this  work 

0.55 

(0.12  ±0.01S) 

Electrons  (160*) 

68 

(2.6  »«) 

5 

0.69 

tO.lo  ±,i.;::= 

Elccuons 

93 

(2.0  ±0.5) 

this  work 

0.S7 

lO.IO  ±0.015) 

Electrons 

125 

(1.5  ±0.25) 

this  work 

1.10 

(0.07  ±0.012) 

3.56-MeV  level  in  U* 

3.56 

(0.92±,.u«“) 

b 

0.014 

(l.IO  ±0.,.»'«) 

i'Ctron** 

76 

(3.0  ±0.45) 

this  work 

2.0 

(0.38  ±0.057) 

I'lccirons 

106 

O.SS±0.23) 

this  work 

2.1 

(0.19  ±0.028) 

Electrons 

136 

(0.90±0.14) 

this  work 

2.0 

(0.11  ±0.017) 

11.6-MeV  level  in  SP 

- 

Photons 

11.6 

(9.8  ±2.6) 

c 

0.016 

(1.2  ±0.32) 

Electrons 

71.5 

(3.5  ±1.4) 

d 

0.92 

(0.18  ±0.07) 

Electrons 

88.4 

(3.0  ±0.75) 

this  work 

1.2 

(0.15  ±0.038) 

Electrons 

129.4 

(1.8  ±0.45) 

tlis  work 

1.5 

(0.09  ±0.022) 

11-MeV  level  in  Mg“ 

Photons 

11 

(13.1  ±3.8) 

c 

0.02 

(1.7  ±0.50) 

Electrons 

83 

(4.4  ±0.88) 

6 

1.5 

(0.22  ±0.044) 

Electrons 

97 

(3.5  ±0.70) 

this  work 

1.6 

(0.1  ±0.034) 

Electrons 

129 

(1.8  ±0.36) 

this  work 

1.3 

(0.081±0.016) 

• In  units  of  10*»^  MeV-cm*  for  photons  and  10’“  crnVw  for  elecuons. 
^L.  Cohen  and  R.  A.  Tot^n.  Nucl.  Phys.  14.  243  (I960). 


• A.  B.  de  N'crcy.  Ann.  Phys.  (Paris)  6.  1379  (1961). 

* R.  D.  Edge  and  G.  A.  Peterson.  Phys.  Rev.  128.  27SO  (1962). 
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Phys.  Letters  _H,  73  (1964) 


METHOD 


Stewart 


El.  EM.  3YM. 


Si 


14 


REF.  NO. 


Betatron;  carbon  filter;  SCD  target 


64  Lo  2 


JOG 


REACTION 

RESULT 

EXCITATION 

energy 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G.XP 

SPG 

THR-21 

C 21 

SCD-D  2-10 

API 

; 

SCD  TARGET 


Fig,  l-Jbe  obaerved  energy  spectrum  from  the  reac- 
tion sr®(Y,p)AP”  when  irradiated  with  bremsstrahlung 
of  maximum  energy  21.2  MeV.  The  dotted  curve  is  the 
assumed  background. 


Fig.  2.  The  energy  spectrum  corrected  for  background 
and  escape  losses. 


"Assuming  isotropic  angular  distribution." 


Fig.  3.  Relative  cross  section  for  the  reaction 
SI28(y,p)A127.  The  dotted  curve  represents  the  cross 
section  for  the  inverse  reaction  Al27(p,  Yq)S128. 


"Assuming  ground  state  transitions," 
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14 


METHOD 


SCD  targets,  Li'(p,YQ)  and  T(p,Yq)  sources 


REF.  NO. 

64  Ma  1 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,P 

A£X 

17-22 

D 17-22 

SCD-D 

4 PI 

(17.5  - 22.3) 

G,A 

ABX 

17-22 

D 17-22 

SCD-D 

4 PI 

(17.5  - 22.3) 
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Phys.  Letters  jj,  114  (1964) 


METHOD 

Betatron;  beam  hardened  with  graphite;  SCD  target 


ELcM.  irM. 


Si 


14 


[Page  1 of  2] 


REF.  NO. 

64  U1  1 


JOG 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE 

range 

TYPE  RANGE 

G,P 

SPG 

14-20 

G 

17-20 

SGD-D  1-9 

4P1 

(1.5  - 9) 

G,A 

SPG 

14-20 

G 

17-20 

SGD-D 

4pi 

SCD  TARGET 


Fig.  1 shows  3 measured  spectra  for  different 
end  point  energies.  For  each  spectrum  the  highest 
possible  alpha  energy  is  indicated  by  an  arrow, 
the  straight  line  1.6  MeV  below,  indicates  the 
end  of  the  proton  distribution.  The  measured 
points  in  the  region  in  between  must  be  attributed 
to  alpha  particles  As  the  niimber  of  observed 
particles  at  the  proton  limits  rises  considerably, 
and  since  the  alpha  yields  in  general  are  small. 


below  these  limits  the  measured  distributions 
should  be  mainly  due  to  protons. 

The  observed  proton  peaks  in  the  spectra 
clearly  indicate  the  presence  of  narrow  reso- 
nances in  the  excited  silicon  nucleus.  As  from 
each  excited  state  proton  transitions  to  several 
discrete  state  in  the  residtial  nucleus  are  possible, 
identification  of  the  peaks  is  only  possible  from 
a series  of  measursmanta.  Aa  for  inatance  the 
proton  peaks  at  6.2,  5.4,  5.2  and  4.0  MeV  are 
present  in  curve  HI  and  n but  not  in  curve  I of 
fig.  1,  they  all  must  be  attributed  to  a reso- 
nance between  18.6  and  17.6  MeV  excitation  en- 
ergy. Thus  the  peak  at  6.2  MeV  must  be  due  to 
ground  state  transitions  since  adding  the  9-value 
of  11.6  MeV  one  obtains  the  right  excitation  en- 
ergy. The  other  peaks  are  associated  with  tran- 
sitions into  excited  states  of  the  residual  nucleus. 
Indeed,  the  distances  between  these  peaks  corre- 
spond well  to  the  excitation  energies  of  the  first 
three  excited  states  in  Al^*^  with  0.8,  1.0  and  2.2 
MeV. 

Branching  ratios  for  the  transitions  mentioned 
here  are  given  in  the  table.  These  values  have 
been  derived  from  the  difference  of  curve  n and  L 
The  errors  are  due  to  statistical  uncertainties. 

At  the  high  energy  limit  the  proton  (and  alpha) 
spectra  contain  only  contributions  from  ground 
state  transitions.  Thus  together  with  the  know- 
ledge of  the  bremsstrahlung  spectrum,  cross  sec- 
tion curves  for  reactions  leading  to  the  ground 
state  can  be  derived  within  a certain  energy  range 
for  each  spectrum. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANOC 

TYPE  RANCE 

I 


] 


j 


Tabla  1 

Braaobisg  ntio  for  tiia  17.S  MaV  reaonaaoa. 


Transltioa 


Branchiag  ratio 
relative  to  Pq 


Po 

Pi 

P2 

P3 


1.0, 

IJJ  ± 0.6 

1.S  « o.a 

0.75  * 0.4 
0.03^  0.04 
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Fig.  2'.  A dependence  of  structure.  A qualitative  esti» 
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FIG.  2.  Cross  section  for  the  reaction  Si“(T,  n).  The  compuutional 
step  U AE  = 1 MeV  (a)  and  0.5  MeV  (b). 
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FIG.  5.  Cross  sections  for  the  reactions:  a - Si“  (7,  n), 
b - S”  (7,  n),  c - Ca**  (7,  n).  Computational  step  hE  = 0.2  MeV. 
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FIG.  6.  Inelastic-scattering  form  factor  corresponding  to  the  peak 
at  9.7  ± 0.1  MeV.  Curves  1 and  2 for  a mixture  of  multiples  with  X = 

3 and  X = 5 have  been  calculated  respectively  from  formulas  (4)  and  (8). 
The  dashed  curves  give  the  contributions  of  the  individual  multipoles, 
calculated  from  formula  (4). 
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FIG.  S.  Inelastic-scattering  form  factor  corresponding  to  the  peak  at 
6.9  ± 0.2  MeV.  Curves  1 and  2 have  been  calculated  respectively  from 
Eqs.  (4)  and  (8). 
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Summary 

The  crosa-scctlons  of  the  (v.  p)  (V.  d)  reactions  were  investiRated  U».  Be*. 

Cu“  Mo**  and  Ta‘*‘  tarccts  were  Irradiated  with  the  brcmsstrahlung  of  700  and  1200  MeV 
maximum  energy  from  the  Kharkov  PhTl  Ac.  Scl  UkrSSR  linear 

protons  and  deutcrons  were  delected  by  the  scintillation  telescope  at  30  , GO  , and  1-0 
with  the  beam.  Possible  mechanisms  of  the  proton  and  dcutcron  pliotoproduction  are  dis- 
cussed. The  qualltnllvc  agreement  of  A dependence  of  the  cross-sections  is  observed  with 
a suggestion  on  the  meson  mechanism  for  these  reactions. 
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*The  threshold  was  calculated  as  the  binding 
energy  of  the  emitted  nucleons. 
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According  to  the  photomeeooic  mechanism,  the  cross 
section  for  the  reaction  can  be  written  in  the  form 

o = <Jiv4/>.  (1) 

Here  Oq  is  the  total  cross  section  for  interaction  of 
the  photon  with  a free  nucleon  with  inclusion  of  the 
nucleon  motion  in  the  nucleus  (cto,  as  has  been  shown  by 
Rods  and  Peterson, depends  only  weakly  on  photon 
energy  for  Ey  > 300  MeV);  A is  the  number  of  nucleons 
in  the  nucleus,  and  P is  the  probability  that  the  reaction 
will  proceed  by  a given  channel. 
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The  measured  secondary-particle  spectra  for 
kinetic  energies  T > 80  MeV  are  well  described  by 
the  expression 

= const  Teip  (—f/t), 

which  Is  Identical  to  the  formula  for  the  evaporation 
process.^*^  In  Table  I we  have  given  the  values  of  the 
parameter  r for  the  nuclei  studied,  at  various  angles. 
The  accuracy  in  determination  of  r is  about  10%. 
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Fig-  10.  The  exduitioa  Tunction  for  the  leacdoa  *^1(7, 2p)- 
“Mg. 
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Fig.  13.  Yield  ratios  Mfnj  maximum  birmistrahlung  energy. 
(1:  F(“Si(y,2p)  “Mg)/y(‘«Si-*>»Na) 
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• : l'(”S(y,4p)  “Mg)/F(”S-.»'Na> 


303 


J.  Ahren«,  H.  Borchert,  H.  Eppler,  H.  Glmm^  H.  Gundrxm, 

P.  Rl«hn»  G«.  Slt»  Roa,  A.  Zleger^  M.  Kronlng,  B,  Ziegler 
Proc.  Internaclonel  Conference  on  Nuclear  Structure  Studies 
Using  Electron  Scattering  and  Photoreactlon,  Sendai,  Japan 
p.  213  (1972) 

METHOD 


EL  EM.  SVM.  A Z 

SI 


REF.  NO. 


lA 


72  Ah  7 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANCe 

TYPE  RANGE 

6,MUr 

ABX 

10-140 

C 140 

MSC-D 

4PI 

596 


Flg*1o  Total  nuclear  crosa»saotions 
for  Si 


i 

% 


• MBS  ki3SM*V.  o ki  35  H,V,  o ksMaHvV 


Fig, 11  Integrated  croas-seotlona 


FORM  N3S-418 

(RCV.  7«I4*«4» 
USCOMIm^NBMC 


PHOTONUCLEAR  DATA  SHEET  304 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAUOF  STANDARDS 


REF. 


METHOD 


J.  Ahrens,  H.B.  Eppler,  H.  Glnnn,  H.  Gundrxnn,  M.  Kronlng, 
P.  Rlehn,  G.  SleaRam,  A.  Zleger,  and  B.  Ziegler 
PICNS-73,  Vol,I,  p.  23Asllomar 


Si 


REF.  NO. 


14 


73  Ah  4 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.MD-T 

ABX 

10-140 

G 140 

M3C-D 

4PI 

Statistics  may  have  been  Improved  over  chose  of  72Ah7. 


See  figure  on  other  side. 


form  N8S*41S 

(RCV.  7-t4»a4) 
USCOMM-NBS-OC 


PHOTONUCLEAR  DATA  SHEET  305 


U.S.  OEPARTMCNTOF  COMMERCE 
NATIONAL  BURSAUOF  STANDARDS 


Pig.  7.  Same  as  Pig.  2 for  Si.  The  Si-target  consisted  of  monocrj'stalline  Si-rods 

in  which  occurs  coherent  pair  production.  As  this  effect  has  not  heen  taken 
into  account  when  subtracting  the  pair  cross  section  from  the  measured  data 
it  aupears  in  the  data  given  here.  The  predicted  shape  cf  tne  interference 
term  from  theorj  5 is  given  in  the  insert. 
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FIG.  5.  Proton  yields  vs.  mass  number  of  the  nucleus:  O— Ep  = 100  ± 
10MeV,#-Ep=  125±  15MeV,A-Ep=  155  ± 15MeV,®-Ep»  185  ± 
15MeV,©-Ep-215t  15MeV. 


FIG.  6.  Ron  yield  (1),  proton  yield  (2),  and  suimnaiy  pion  and 
proton  yield  (3)  vs.  the  mass  number  of  the  nucleus. 
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line,  solid  line  and  open  circles  are  interpreted  as  in  Fig.  1 


Korteling,  R.6.  et  al.  , J.  Inorg. 

Nucl.  Chem,  29,  2863  (1967). 

3 

Noga,  V.I.  et  al.  , Sov.  J.  Nucl.  Fhys. 

9,  637  (1969). 

^\umbartzkl,  G.  et  al,  , Nucl.  Phys,  A176. 

23  (1971). 

Jonsson,  G.G.  et  al, , LUNP7212,  Oct.  1972, 
to  be  published  In  Phys lea  Scripts. 


FORM  NBS>41g 

(ACV.  7-14r«4I 
USCOMM-NBS-OC 


PHOTONUCLEAR  DATA  SHEET  309 


U.S.  OEPARTMENTOr  COMMERCE 
NATIONAi.  BURCAUOF  STANOAROS 


i 

\ 

i 


REF. 


A.  Veysslere,  H,  Beil,  R.  Bergere,  P.  Carlos,  A, 
A.  Oe  Mlnlac 

Nucl.  Phys.  A227,  513  (1974) 

METHOD 


Leprecre, 


and 


SI 


14 


REF.  NO. 


74  Ve  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANCLE 

TYPE  RANCe 

TYPE  RANGE 

G.N  * 

ABX 

17-  30 

D 17-  30 

BF3-I 

4PI 

Fig.  2.  Photoneutron  cross  section  <»t«  =*  n)+<r(y,  pn)]  of  -'Si  obtained  with  an  energy 

resolution  of  180  keV  (full  line  and  .irrows)  and  with  JE  350  keV  (dashed  line  and 

arrows). 


Fig.  22.  Ratio  of  experimental  integrated  photoneutron  cross  section  <To"  over  the  Thomas,  Reiche 

and  Kuhn  sum  rule  [0.06  NZIA].  Numerical  values  and  upper  integration  limits  £«  are  taken  from  (over) 

table  3.  Also  = ±7%  for  all  nuclei. 
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Fig.  24.  The  [<To“/(0.06  NZIA)]  ratio  as  a function  of  isospin  T.  Possible  overall  errors  of  ±7"^  i-re 

to  be  applied  to  all  nuclei  shown. 


Table  3 

Experimental  integrated  photoneutron  cross  sections  a"  = J'^^‘(Xj.^(£)dS  compared  with  the 
classical  sum  rule  [0.06  NZIA]  of  Thomas,  Reich  and  Kuhn 


r=  0 

T=  i 

r=  J 

r=2| 

r=  4 

Nucleus 

16Q 

^°Ne 

^»Si 

“S 

*°Ca 
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“Na 

^"Al 

sip 

”K 

*-Sc 

*°Ar 

51V 

<To" 

58 

42 

94 

98 

100 
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(MeV  • mb) 

±4 
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±7 
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0.57 
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The  moments  of  the  experimental  nuclear  cross  section  distributions  integrated  from  10  MeV  to  the 
energy  E,  and  their  statistical  errors 
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Fig.  7.  Total  photonucicar  cross  section  for  Si.  Above  60  MeV  the  total 
attenuation  cross  section  of  Si  displays  a structure  which  can  qualitatively 
be  described  by  coherent  pair  production  in  the  monocrystalline  absorber 
rods  ((3berall  effect) ").  A more  accurate  measurement  of  this  elTect  is  in 
preparation.  An  unambiguous  determination  of  the  nuclear  cross  section 
above  50  MeV  therefore  turned  out  to  be  impossible. 
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Fig.  1 Mean  absolute  cross  section  of  "F  phctoproduction  vs  the 
target  mass  number.  Open  triangle:  energy  range  O-lS-0-72  GeV, 
Ref.  [18].  Filled  circle:  energy  range  0-3-1  GeV.  Ref.  [3].  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Target  mass  number 

Fll.3.  Mean  absolute  cross  section  of  ”Na  photoproduction  vs 
the  Ofget  mass  number.  The  curve  has  been  calculated  by  means 
of  Eqn(l). 


999  = 1 GEV 


Fig.  4.  M^an  absolute  cross  section  of  “Na  photoproduction  vs 
the  target  naas  number.  Filled  circles:  energy  range  0-1-1  GeV, 
Ref.  [20).  Reversed  open  triangle:  energy  range  0-3-1  GeV,  Ref. 
(8).  Open  triangles;  energy  range  0-25-1  GeV,  Ref.  [19|.  Open 
circles:  present  work.  The  curveTias  been  calculated  by  means  of 
Eqn(l). 


Table  1 Cross-section  per  eouivalent  quantum  Ooiitb)  of 
photoproduction  of  **7 


Bremsstrahlung  maximum  energy  EoiCeV) 
Target  ■ " ■ 


nucleus 

0-30 

0-40 

0-55 

0-75 

1-00 

“Na 

590  £30 

640  £30 

720  £30 

780  £30 

830  = 30 

”A1* 

116  £7 

172*6 

202  £6 

245=5 

270  =5 

”Si 

80£l0 

110£10 

145  £10 

170  £10 

200=10 

j.p 

60£l0 

90£l0 

130*  10 

150  £ 10 

180=10 

”S 

55£lO 

90£10 

125  £10 

160=10 

190=10 

185  £20 

230  £20 

270  £20 

310  = 20 

350=20 

"K 

35±5 

50£5 

65£5 

75=5 

90  = 5 

*Ca 

5±2 

20£3 

35£5 

45  = 5 

60=5 

*The  results  for  ”A1  have  already  been  published  (see(3])  and 
in  reported  for  comparison. 
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Table  3.  Cross-section  per  equivalent  quantum  <ro(»ib)  of 
photoproduction  of  **Na 


Bremsstrahlung  maximum  energy  £o  (GeV) 


Target 

nucleus 

0-30 

0-40 

0-55 

0-75 

1-00 

”A1 

490  * 20 

560  ±20 

667  ±20 

690  ±20 

745  ±20 

”Si 

290  ±20 

330  ±20 

380  ±20 

430  ±20 

470  ±20 

”P 

230  ±20 

250  ±20 

290  ±20 

330  ±20 

350  ±20 

”S 

206±10 

240  ±10 

280±10 

320  ±10 

350  ± 10 

’”’a 

230^10 

260  ±10 

290±10 

320  ±10 

350  ±10 

30i3 

50±5 

65  ±5 

80±5 

100±5 

••Ca 

5±2 

20±3 

45  ±5 

60±5 

60±5 

Table  4. 

Cross-section  per 

equivalent  quantum 

(7o(>lb)  of 

photoproduction  of 

D! 

Bremsstrahlung  maximum  energy  £«  (GeV) 

larro  — 

nucleus 

0-30 

0-40 

0-55 

0-75 

1-00 

”A1* 

370  s:  10 

440±10 

500±20 

550  ±20 

660±20 

“Si 

100  ±10 

140  ±10 

160  ±10 

210  ±10 

240  ±10 

S.p 

100  ±20 

160  ±20 

200  ±20 

270  ±20 

310  ±20 

’’-s 

120  ±10 

160±10 

180±10 

210  ±10 

240  ±10 

"’a 

65±10 

100  ±10 

140  ±10 

190  ±10 

220±10 

”K 

20±5 

35±5 

55±5 

65±5 

80±5 

•Ca 

12±3 

25±5 

35  ±5 

50±5 

60±5 

•The  resuhs  for  ”A1  have  already  been  published  (see[8D  and 
are  reported  for  comparison. 


Table  5.  Mean  absolute  cross-section 
in  the  energy  range  0-3-1  GeV 


Target 

nucleus 

Produced  radionuclide 

"F 

"Na  ■ 

"Na 

“Na 

^'Al* 

190±30 
120  ±10 

200  ±20 

220±20 

"Si 

too±io 

150±20 

120  ±10 

>ip 

1Q0±10 

100±20 

180±20 

"S 

110  ±10 

120±10 

100  ±10 

"a 

135±20 

100  ±10 

130  ±10 

"K 

45±5 

60±5 

50±5 

-Ca 

46±5 

60±5 

40±5 

•The  results  far  the  photoproduction  of  '*F 
and  *T^a  from  ”A1  have  already  been 
published  (Ref.  PI  and  P],  respectively). 
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TABLE  I.  Experimental  yields  and  reaction  cross  sections  ob- 
tained in  the  measurements  at  the  Erevan  electron  accelerator. 
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Fig.  12.  Momentum  distributions  from  ^*Si(e.  e'p);  (a)  10.5  S £ g 12  MeV,  (b)  12  g £ g 13.5  MeV, 
(c)  13J  g £ g 17.5  MeV  and  (d)  21  g £ g 37  MeV.  The  solid  line  represents  the  DWIA  calculation. 
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Fig.  11.  Missing  energy  spectra  from  ^*Si(e,  e'p);  (a)  0 g F g 60  MeV/c  and  (b)  60  g F g 1>0  MnV/c. 
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The  energy  spectra  of  photons  scattered  at  90  * by  ”Si  and  ”Cr  targets  have  been  measured  in  the  betatron 
bremsstrahluog  beam  at  1 6 values  of  the  maximum  bremsstrahlung  energy  from  13.1  to  3 1 MeV,  The  photon 
elastic  scattering  cross  sections  in  the  vicinity  of  the  giant  resonance,  as  well  as  the  cross  sections  for  photon 
inelastic  scattering  with  excitation  of  the  1.75  and  4.98  MeV  levels  of  ”Si  and  the  1.43  and  2.98  MeV  levels  of 
”Cr.  were  calculated  from  the  spectra.  A dispersion-theory  analysis  of  the  results  enabled  us  to  identify  the 
peaks  in  the  cross  sections  for  which  E 1 photoabsorption  is  dominant.  The  experimental  data  are  compared 
with  the  results  of  shell-model  and  simple-rotator-modei  calculations.  The  nature  of  the  peaks  observed  in  the 
scattering  cross  sections  is  discussed. 
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TABLE  IL  Levels  populated  in  photon  elastic  and  Inelastic  scattering  from  ^l. 
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tion for  “Sl.  The  full  curve  was  calculated  using  the  simple 
rotator  model.  The  vertical  bars  were  calculated  using  the 
shell  model. b)  The  NRE  differential  cross  section  for  **SI. 
Tne  full  curve  was  calculated  using  the  simple  rotator  model, 
c)  Photon  inelastic  scattering  differential  cross  section  for 
e.xcitation  of  the  4.98  MeV  X’  = 0*  level  of  ^^1. 
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Fig.  3.  Inelastic  angular  distributions  (observed  cross  section 
divided  by  Feshback  point-charge  cross  sections).  The  results  of 
Hahn  €t  al.  Preference  8)  for  Ca  and  of  Fregcau  and  Hofstadter 
(nimxKK  11)  are  included  for  comparison. 


Fio.  7.  Inelastic  "universal  curves.”  A composite  plot  of 
inelastic  data  from  Mg,  Si,  S,  Ca,  and  Sr  against  ».  The  various 
form  factors  are  arbitrarily  normaliscrl  to  minimise  the  spread  of 
points.  The  point  from  sulfur  anti  the  point  from  silicon  which 
seem  to  deviate  from  the  “universal  curve”  are  assumed  to  contain 
undetected  experimental  errors.  The  curves  labeled  Mg(£2), 
Sr(£2),  Ca(£3),  and  Sr(£3)  are  calculated  for  electric-quadrupole 
and-octupole  transitions  using  the  “smeared  j-function”  transition 
charge  densities  of  Sec.  V,  and  are  arbitrarily  normalised. 
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r.+n)Si»  as  a function  of  proton  energy.  background  spectrum  without  target. 
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unstable  against  neutron,  proton  and  alpha  particle  emission.  The  approximate  position  excited  state  lyi)  of  Si“  from  the  reaction  .U*’  *p.  y)  measured  at  two  proton  energies  of  • ^ 
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Fig.  1.  The  energy  spectrum  of  photoprotons 
! from  Si.  The  solid  line  is  a smoothed  curve. 

I The  broken  line  and  the  dotted  one  are  calcu- 

lated curves  of  the  statistical  model  with  the 
I level  densities  w=Cexp[2»^  0.4S£1M«V”‘  and 

j t.»Cexp[£/2.81MeV-‘,  respectively. 
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Fig.  2.  The  comparison  of  cross  section  of  Si-*(7, 
p)Al-^  (histogram)  and  that  from  Al*'(p,  r)Si“ 
(solid  line). 
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0* 
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0.53x0.03 
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60* 
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0.90  = 0.05 

0..34x0.03 
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0.71x0.05 
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0.41x0.03 

< 0.03 

(')  Error*  ahown  are  onir  ’lueistlcal  error*:  maximum  nnccrtalncics  of  other  orisria  | 
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aocertaiotr  in  tho  ireomotrical  conditions  (cNtimotcd  to  bo  lc«*  than  7*)  may  introduce  a I 
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apondlng  final  levels.  They  are,  however,  proportional  to  them  throoffli  a factor  which  la 
about  1 and  does  aoi  depend  on  energy.  < 
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From  table  II,  column  6,  after  converting  “partial”  yields  into  total  yields  (see  test). 

•)  From  ref.  9,  eacept  for  resonances  6,  9,  and  1 1 (present  work). 

*)  The  values  put  in  brackets  were  computed  making  the  assumptions  Ft  ^ Ft  and  A ^ iV 
If  the  assumptions  are  not  fulfilled  the  bracketed  values  can  always  be  regarded  as  lower  limits. 
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magnetic  fluxmeter  reading 

Fig.  2.  Yield  curve  of  the  **Mg(«,  y)*»Si  reaction  in  the  Ea  ==  1. 2-3.2  MeV  region. 
High-energy  y radiation  (Ey  8-13  MeV)  is  detected  with  a Nal  scintillation  crystal 
(10  cm  long  and  10cm  in  diameter),  as  close  to  the  target  as  possible  at  0"  to  the  beam. 
, For  £a<3.l  MeV  an  enriched  ”Mg  target  was  used  of  15(ig/cm»;  for  £«>3.1  MeV 
the  target  was  natural  Mg  of  5 |xg/cm*  thickness;  the  parts  of  ths  yield  curve  shown 
ia  tb*  two  inserts  wers  taiien  with  a natural  Mg  target  of  about  3 pf/cm*  thickness. 
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Table  1 

Results  of  v-rays  obtained  at  the  992  keV  resonance 
in  present  and  earlier  investigations. 


Present 

Bashkin  and 

Brenner 

Gove 

Hattori 

investigation 

Ophel  ■*) 

et  al.  2) 

et  al . 

Energy 

Int. 

Energy 

Int. 

Energy 

Int. 

Energy 

Energy 

(MeV) 

(%) 

(MeV) 

ft) 

(MeV) 

ft) 

(MeV) 

(MeV) 

1.77 

123 

1.78 

124 

1.80 

100  • 

1.77  *• 

2.84±0.05 

7.5 

2.84+0.05 

10 

2.86 

6 • 

2.85  *• 

3.oa±o.io 

3 

3.12+0.10 

<5 

4.58±0.05 

10 

4.52+0.10 

10 

} 4.66 

21 

4.62  *• 

4.5 

4.75±0.05 

11 
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13 
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~2 

5.12+0.10 

<r2 
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5.G0±0.10 

~1 

6.05±0.05 
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6.04+0.05 
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6.07 

20 

5.7 

6.25+0.10 

3 

6.3  +0.10 

<3 

6.7 

7.40+0.10 

~1 

7.40+0.10 

<2 

7.21 

}17 

7.5 

7.95+0.10 

13 

7.95+0.05 

8 

8.04 

8.3 

9.49+0.10 

3 

8.98+0.15 

<3 

10.76 

100 

10.76 

100 

10.8 

100 

10.77 

10.7 

12.6 

<5 

12.1 

* Separate  measurement. which  is  not  related  to  other  intensities. 
••  Coincidence  with  6.5  < < 8.5  (MeV). 
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Fig.  2.  Proposed  decay  scheme  for  the  levels 
excited  at  the  992  keV  resonance  of 
the  A127(Pj  y)Si^®. 
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FIG.  1.  Top  curve:  90*  yield  of  the  ground-state 
gamma  ray  from  the  reactions  Al^^(p,y)Si^*.  This 
yield  curve  was  taken  in  15-keV  steps  using  a tar- 
get about  10  keV  thick.  Bottom  curve;  yield  of 
Si*^  from  the  reaction  Si**(y,  n)Si*^  taken  with  a gaun- 
ma-ray  energy  resolution  of  about  600  keV.  The 
data  are  those  of  Caldwell  (reference  8). 

The  two  curves  are  plotted  so  as  to  be  on  the  same 
gamma-ray  energy  scale. 


! 
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FIG.  2.  Sample  angular  distributions  of  the 
ground  state  gamma  ray  from  the  reaction  Al^^(p, 
T)Si“. 
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Fio.  3.  — Electron  scattering  from  a silicon  foil  (if.„  = 0.30  g/cm*). 
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gular distributions  meas- 
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Energy  of  photon  varied  around  17.62  MeV, 


In  Table  3,  ST  = sum  of  transmission  coefficients. 
Cross  sections  are  averaged. 


Table  3 


Average  cross  sections 
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cross  sections 
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*)  Spin  and  parity  of  the  final  level  are  shown  in  parentheses. 
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Fig.  3.  Experimental  cross  sections  versus  energy  for  the  six  transitions  observed, 
a)  proton  transitions,  b)  a transitions. 
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of  peaks,  see  Table  I.) 
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Fig.  2. — Yield  curves  of  ground  state  y-raya  (lower  curve)  and  first 
excited  state  y-rays  (upper  curve).  The  full  circles  are  the  present 
results,  and  the  open  cirelea  are  the  resuita  of  Gove,  Litherland,  and 
Batchelor  (1961).  The  target-thickness  correction  14  keV)  to 
the  energy  scale  has  not  been  applied. 
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Crots-McUon  measurements  for  Si**(y,  p)Al”  compared  with  those  for  0*0',  p)B** 
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Results  for  the  (p,  y)  reaction  have  been  converted  to  the  inverse  (y,  p)  process  by  means  of  the 
detailed-balance  theorem.  In  general  the  (y,  p)  measurements  may  include  transitions  to  excited 
states  in  the  final  nucleus.  Whenever  appropriate,  the  results  have  been  corrected  for  the  observed 
angular  distributions.  The  integrated  cross  sections  are  in  units  of  the  electric-dipole  sum 
(2rt*e*»/Hfc)(WZM)  - 0.42  and  0.18  MeV  • b for  Si“  and  O*,  respectively. 

*)  Present  work. 

*)  By  extrapolation  of  the  yield  curve. 
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Values  of  P in  Si**  from  various  reactions 


Reaction 

in  Si" 
(MeV) 

Method 

r 

(keV) 

Ref. 

Al*’(p.  y,)Si" 
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Al‘*(p.  y,)Si“ 
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Al**(p,  y,)Si"* 
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‘) 

Al**!?,  y,)Si«* 

17.4  -22.2 

peak  spacing 
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*) 

Si"(y.  p. . . .)A1*»  i 
Si"(y,  o«a,)Mg**  / 
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peak  spacing 
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") 
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20.6  -22.1 
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65 

“) 
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20.3  -23.2 
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“) 

C"(0'*,  a,  . . .)Mg" 

23.9  -30.9 
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") 

•)  Present  work. 
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Photons,  defined  in  energy  to  about  1%  with  the  aid  of  a bremsstrahlung  monochromator,  were  scattered 
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Fig.  1.  Inelastic  electron  spectra  in  ^^Si  measured  for 
different  momentum  transfers.  Radiative  tails  from 
elastic  and  inelastic  peaks  are  subtracted;  C is  the 
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all  vertical  lines  were  t MeV  shifted  to  the  left.  The 
length  of  the  lines  is  given  in  relative  units. 
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Fig.  2.  Dependence  of  (dcr/dSl)/(A*/Swoe^Vi'(9))  E/E'  on 
the  momentum  transfer.  The  solid  curve  is  the  par- 
Ucle-hole  calculation  of  the  transverse  formfactor  (3,7].  • 
0 ■ data;  4 - photon  point  [4,5]  ; 
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Fig.  3.  TTie  absolute  cross  section  for  the  reaction  ’*Mg(a,7,)**Si,  plotted  as  a function  of  the  bom- 
barding energy  Eg.  In  integrating  the  y*  intensity  over  all  angles  to  obtain  these  cross  sections,  the 
measured  angular  distribution  of  the  sin*  0 form  - characteristic  of  pure  electric-dipole  transitions  — 
has  been  used-  A slight  correction  for  the  solid  angle  of  the  detector  is  included. 
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The  cross  sections  in  the  first  four  rows  were  obtained  from  the  data  in  figs.  3-6  and  IS  by  averaging 
over  the  indicated  2 MeV  ranges  of  excitation  energy  £,  in  the  product  nucleus  (“Si,  “Si  or  "S). 
The  last  line  gives  the  average  for  the  entire  energy  range  that  was  studied. 
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The  averages  were  taken  over  w 2 MeV  wide  energy  regions  AE  and  over  the  total  studied  energy 
region  of  the  giant  dipole  resonance.  These  cross  sections  were  obtained  by  detailed  balance  from  the 
aopture  in  ’'Mg,  "Mg  and  "Si.  For  comparison,  the  average  cross  sections  <r(y,p«)  over  the  same 
energy  regions  d£  for  the  reactions  "Si(y,  p«)’’Al  and  "S(y,  P()"P  are  also  presented.  These  likewise 
were  obtained  by  detailed  balance  from  the  inverse  reactions  as  measured  by  Singh  et  al. ')  and  by 
Deamaley  ei  ol.  *).  For  the  calculation,  we  assumed  an  isotropic  angular  distribution  for  the  "Si(y,Pt) 
reaction,  a sin*  0 distribution  for  "S(y,  p«).  In  addition,  the  ratios  a(y,  a^)la(y,  p*)  are  given  for  both 
"Si  and  "S  and  also  the  calculated  reduced  width  y’(ac«)/y’(p«)  for  an  orbital-angular-momentum 
transfer  of  / = 1 and  of  / = 3 in  the  decay  of  "Si. 
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Fig.  2.  Differential  cross  section  for 
180*  electron  scattering  from  ’*Si  at 
£*—55.9  MeV  covering  the  excitation 
energy  range  10-15  MeV. 


K2-J 

IJ.I2  (2-) 


,..„2.663_ 

ZA90 

2.2orL2Z2=.„4^ 

,T 

i 


!■ 


LS33 

U72 


|.»  IO.Se  "I  i* 


as'rj (1+) 


lOM  ——I* 


«F 


Fig.  4.  Energy-level  diagram  adjusted  for  the  Coulomb  dis- 
placement so  that  the  "Si  and  ".M  analog  states  are  approxi- 
mately aligned.  Only  the  "Si  states  denoted  with  a solid  line 
were  exdt^  in  this  experiment.  The  energies  given  in  the  “.41- 
level  scheme  are  those  quoted  from  Endt  and  Van  der  Leun 
(Ref.  22) . The  parentheses  around  the  states  at  14.66  and  14.01 
MeV  indicate  a considerable  degree  of  uncertainty  as  to  their 
existence  and  position. 
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Level  energy 
t.\feV) 

dir/d^)u 

( 10"**  cmVsr) 

J’ 

Rki 

(fm) 

PWBA 

F, 

(eV) 

DWBA  corrected 
Rm  Fo 

(fm)  (eV) 

10.4S±0.06 
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39d=9 

1+ 

4.1 

3.3 

3.9±0.4 

2.4_,.,+‘-> 

10.86±0.(M 

60d:S 
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1+ 

3.25 

8.0 

2.98^.«-«“ 

10.90±0.06* 

4.8±1.3» 

11.41^:0.03 

230d:14 

408±28 

r 

2.93 

29.2 

2.58_,.a-^-»> 

20.8_,,j«-* 

11.42±0.02* 

3.2±0.3 

• 32.4±4.5* 

3.0±0.3'' 

25.7±3.6'- 

11.42±0.02» 

47±12'> 

33« 

22.9±4« 

12.27±0.(H 

55ds6 

103±12 

1-^ 

3.22 

10.1 

2.93_o.a«-“ 

7.3_,..^« 

12.32±0.06* 

7.5±1.9« 
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17±5 
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1+ 

3.5 

4.5 

3.3_,.,"’-^ 

13.12±0.05 

53±10 

55:1:18 

(f) 

5.0 

0.20 

4. 6_,., 

0. 14.j.n-«'‘» 

14.01±1.10 

20±10 

62db24 

(1*) 

4.0 

12.2 

3. 8., 

8.9_i.,-^J 

14.66±0.08 

1 10±35 

62±26 

(2-) 

3.3 

0.28 

2.7_..,^‘* 

0.20-a.io^-* 

* Reference  5.  la  this  reference  the  value  of  Jttf  found  for  tlie  1 1.4-MeV  ° Reference  II.  Photon  scacterins  result  using  Ta/r  — 1,  where  F is 

level  n-as  also  used  to  find  F « for  other  levels.  the  total  level  width. 
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Fig.  la.  The  croaa  section  d^a/diidE  for  Inelastic  elec- 
tron scattering  from  28Si  at  Eg  = 275  MeV.  0 = 145® 
unfolded  for  radiative  processes.  The  non-negllgible 
cross  sections  predicted  by  the  p-h  model  for  <f  » 

= 525  MeV/c  are  shown  as  spikes  (arbitrary  overall 
scale).  The  dashed  line  is  tte  computed  quasl-^lastlo 
spectrum;  b)  Same  as  (a),  except  £«  = 200  MeV  and 
theoretic^  cross  sections  computed  for  ?=  375  MeV/c 


Fig.  2.  Form  factors  for  the  11-12  MeV,  13-14  MeV  and 
14  MeV  complexes.  The  p-b  states  comprising  each 
complex  and  the  experimental  energy  intervals  are 
given  in  the  text.  All  theoretical  T = 1 form  factors 
have  been  reduced  by  i. 
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Fig.  3.  Form  factors  for  the  20-24  MeV,  16-20  MeV 
and  13  MeV  complexes.  For  the  first  two  complexes, 
the  quasl-elastlc  (see  text)  and  T « 0 p-h  contributions 
are  ^so  shown.  The  r»  1 p-h  contri^tions  have  been 
reduced  by  The  results  of  moving  the  If  s/2  confi- 
. guration  energy  down  by  1 MeV  is  indicated  by  the  heavy 
dashed  line. 


376 


REF. 

M.  A.  Meyer,  N,  S.  Wolraarans,  D.  Reitmann 
Nucl.  Phys.  AI44<  261  (1970) 

&1_  CM  . 3 f M. 

Si 

28 

14 

method 

REF.  NO. 

70  Me  1 

egf 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANGE 

type  range 

P,G 

RLY 

12- 13 

D 1-2 

SCD-D  0-13 

Table  2 


Gamma  decay  of  *''AI(p,y)**Si  resonances  in  the  energy  range  £p  = 1.01-2.00  MeV 


Resonance 

Gamma  decay  in  percentages  to  (MeV)  in  ^*Si 

£,•) 

>*) 

0 

1.78 

4.62 

4.98 

6.28 

6.69 

6.88 

6.89 

7.38 

7.42 

7.80 

7.93 

Other  levels 

(keV) 

(keV) 

0* 

2* 

4* 

0* 

3* 

0* 

3" 

4* 

2**) 

2* 

3* 

2* 

£.(%) 

I02S 

12574 

I*. 2 

2 

28 

1 

2 

1 

6 

47 

8.26(8),  8.33(1),  8.59(2), 
8.90(1),  9.50(1) 

1090  ■ 

12636 

(3-)  •) 

19 

21 

14 

1 

6 

1 

8.33(5),  9.32(6),  9.38(4), 
10.38(23) 

1098 

12644 

(4-)*) 

13 

41 

17 

' 

8.95(4),  9.42(3).  9.70(22) 

1118 

1 

12664 

4-  •) 

0.7 

29 

6 

8.41(48),  8.59(12),  9.32(0.3) 
9.70(1),  11.43(3) 

1172 

12713 

1.2* 

0.5 

70 

2 

7 

1 

1 

6 

0.5 

8.26(1  »,9.3H(6),  9.50(2), 
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2*') 

68 

21 

6 

1 
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1199 

12742 

3-*) 

22 

30 

26 

2 

2 

7 

8.41(1),  8.59(2),  9.32(3), 
9.38(3),  9.42(1),  9.70(1) 

1213 

12755 

1-.2* 

76 

1 

12 

1 

4 

1 

0.5 

8.26(2),  9.50(2),  (10.72(0.5)) 

1262 

12802 

3-*) 

43 

5 

1 

41 

6 

8.41(2),  9.32(0.5), 
9.38(1).  9.42(0.5) 

1278 

12817 

4*,5- 

32 

4 

20 

8.54(2),  8.59(22),  9.16(5), 
9.42(14),  10.31(1) 

1317 

12855 

4+  •) 

13 

13 

52 

2 

6 

5 

8.59(2),  8.95(1),  9.32(6) 

1328 

12866 

2*.  3. 4* 

89 

7 

2 

2 

1364 

12900 

(4*)*)  1 

25 

10 

42 

15 

8.59(2),  9.32(3),  9.38(3) 

1363 

12901 

2*  •)  j 

1381 

12917 

2*.  3, 4* 

86 

5 

4 

2 

1 

8.59(2) 

1388 

12924 

2*,3- 

83 

1 

3 

3 

3 

1 

3 

8.26(1),  8.59(1),  9.16(1) 

1457 

12991 

2,3,4* 

3 

13 

1 

4 

9 

8.41(5),  8.59(8),  9.32(57) 

1302 

13034 

2* 

5 

38 

23 

12 

5 

6 

1 

4 

8.26(2),  8.41(1),  9.32(1), 
9.38(2) 

1520 

13051 

76 

1 

18 

1 

2 

8.33(1),  9.76(1) 

1366 

13093 

(3-.4*)0 

3 

6 

5 

9 

2 

25 

8.26(8),  8.41(2),  9.32(36), 
10.38(4) 

1578 

13107 

2* 

43 

6 

3 

r 

7 

8.54(4),  8.59(11),  9.32(U), 
10.18(5) 

1388 

13117 

2*.  3,  4* 

45 

22 

3 

6 

9 

2 

8.26(1),  8.41(3).  9.16(3), 
10.21(6) 

1647 

13173 

3-') 

1 

23 

6 

16 

4 

6 

10 

2 

9.32(30),  9.38(3) 

1662 

13188 

32 

3 

5 

2 

2 

8.26(1),  9.50(5) 

1663 

13189 

I 

1680 

13205 

2,  3,  4* 

91 

3 

1 

1 

3 

9.32(1) 

1684 

13209 

3",  4* 

79 

10 

9.70(11) 

1706 

13230 

2*.  3, 4* 

23 

5 

8 

27 

1 

8.59(3),  8.95(3),  9.32(17), 
9.38(9),  9.70(4) 

1724 

13248 

3-  '),  5-  •) 

2 

2 

6 

(1) 
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78 

8 

9.32(11),  9.38(1),  10.38(2) 
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2 

95 

3 
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3-') 

2 

11 

3 

4 

11 

18 

1 2 

10.38(24) 
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13416 

2* 

19 

22 

5 

7 

11 

10.38(36) 
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13427 

62 

21 

8.59(4),  8.95(6),  10.42(7) 

1969 

13483 

40 
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10 

4 

5 

4 

8.33(1),  8.59(7),  9.32(3), 
9.38(2),  9.50(4),  10.21(3) 
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werfe.  E^,  & PrimSrenerg 

ie,  StreuwinM 

tnt  Liit‘i?rsystcm.  q undastisciwr  impulsuCicrtrag,  gcmcsfcncs  Vcrhiillnis  vpt% 

unclastischkni  zu  clastischem  diffcrcnticUcn  Wirkungsqucrschnitt ; in  Klammer  isi  deg 
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daJdQ 

(10-“cm*/ster.) 
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59,58 
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0,231 

14,90  (0,6) 

24.69±1,60 

56,94 

129,02 

0,231 

13,79  (1.0) 

I3,68±0,9« 

54,12 

141,11 

0,229 

14,98  (0,7) 

8,15  ±045 

52,75 
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0,231 

15,24  (1,0) 

6.62  ±0,47 
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15,78  (1,8) 

1.16±0.09 
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104,98 

0,145 

5.80  (0,7) 
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36,26 
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Fig  3 MeBcrgebnisse  fur  Monopolubergange  in  ^^Mg(6,44  MeV).  **Si(4,98  und 
6 69  MeV),  «S(3,78  MeV)  und  *’Ca(3,35  MeV)  als  Funklion  von  Die  eing^ 
tragenen  McBpunkte  und  die  rugehorigen  Kurven  gelten  fQr  eine  Awwertung  nut 
/ ,x.  und  X,  nach  Modell  I.  Fur  -'Si  (4,98)  sind  nur  die  aus  alog  und  />”  berechn^ 
longiiudinalen  Anteile  aufgetragen  (vgl.  5.1),  wobei  die  McBpunkte  bd  ^etcher 
Impulsuberiragung  und  gJeichem  Streuwinkel  (vgl.  Tabelle  3)  pisanunengefaM  wur^ 
■?7R  i den.  Die  gestrichclten  Kurven  zeigen  die  Extrapolation  nach  ^=0  mit  vorgegebenem 
PHO"^Oh  Ubergangsradiui 
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Fig.  2.  Analysis  of  the  J.  = 50  keV  data  to  22  MeV  in  J.  = 100  keV  bins  for  the  photoneutron 
cross  sections  of  (a)  silicon  and  (b)  magnesium. 


^°)B, I, Goryachev,  B.S.Ishkhanov , 

I V.G. Shevchenko,  B.A.Yur'ev,  JETP 

j Lett.^  (1966)330. 

^’■)J,T. Caldwell,  R.R.Harvey, 
R.L.Bramblett,  S.C, Fultz,  Phys, 

Lett .6 (1963)213. 

^*)L.N.  Bolen,  W.D. Whitehead, 
Phys. Rev. 132  (1963)2251. 

I — — _ 

FORM  NBS-418 

(REV.  7-J4-e4> 

USCOMM«OC  260t0.P«4 


Tabu  Z 


Integrated  cross  sections  for  silicoo 


Source 

rlA  M.V 

J ^ ff<i£  (MeV  • mb) 

f3 1 MeV 

J ^ <7d£  (MeV  • mb) 

this  experiment 

53  ±5 

93±8 

Caldwell  et  al.  **) 

45 

69 

Goryachev  et  al.  *®) 

63 

105 

Bolen  and  Whitehead 

64 

[over] 

U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL.  BUREAUOF  STANDARDS 


PHOTONUCLEAR  DATA  SHEET  379 


Fig.  1.  The  photoneutroa  cross  section  of  silicon.  The  full  circles  indicate  the  coarse  resolutioa 
measurement  (J,  •>  250  keV,  J.  =■  500  keV).  The  higher  resolution  measurement  (J.  =■  50  keV, 
J,  =■  200  keV)  is  presented  by  the  error  bars  up  to  24  MeV.  The  heavy  vertical  bars  show  the  pt» 

dictions  of  Drechset  tt  al. 
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Table  1 

Summary  of  differential  cross  sections  for  and  y,  observed  in  the  reactioa  »*M8(T,y)**Si 
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(do) 
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(^"‘ 
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•)  The  *He  bombardin*  energies  quoted  here  have  been  adjusted  for  energy  degradation  in  the 


*)  The  e-scitaiion  in  **Si  has  been  corrected  for  energy  loss  in  the  target,  and  is  simonymous 
with  the  energy  of  the  ground  state  capture  y-ray. 
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nc.  3.  »7»*  yi«W  ratio  m a 
function  of  nuna  number  A. 


FIG.  2.  Relative  yield  of  v*  merona  per  nucleus  as  a function  of 
man  number  A. 
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Table  II.  The  B(EL)  values  extracted  from  the  experimental  form  factors. 
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Fig.  5.  The  inelastic  form  factors  for  the  1.37-(7+ 
4.20-MeV  (2+)  states  in  «Mg  and  for  the  1.7} 
MeV  (2^)  in  **Si  are  shown  as  a function  of  q,. 
The  curves  are  the  best  fit  form  (actoo  calculate 
with  the  Bom  approximation. 


(over) 


U.S.  DEPARTMENTOF  COMMERC 
NATIONAL.  BUREAUOF  STANDARD 


■I 


Fig.  8.  The  inelastic  (brm  factor  for  the  4.97- 
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Phys.  Utters  27P  (1968)  641.  are  also  plotted. 
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Photonudear  reactions  in  the  targets  ^Al,  ”Si,  ^'P,  ’’S,  and  **Ca  have  been  studied  for  maaimum 
bremsstrahlung  energies  of  2.  2.4,  3,  and  4.3  GeV.  The  yields  of  the  residual  nucld  ^Be,  "C,  ”N.  "F, 
°Na.  and  ^*Na  were  measured  by  means  of  a germanium-lithium  semiconductor  detector  with  a sensitive 
volume  of  30  cm^.  In  discussion  of  the  results  we  took  into  account  the  contribution  of  the  low  energy  part 
of  the  bremsstrahlung  spectrum.  Comparison  of  the  measured  yields  with  estimates  by 

Rudstam's  formula  permined  us  to  conclude  that  there  is  a difference  in  the  mechanism  of  formation  of 
the  light  fragments  ’Be,  "C,  and  from  that  of  the  other  residual  nuclei  "F,  ’^Na,  and  ’*Na. 


*GEV  5=4.5  GEV 


FIG.  1.  Yields  of  the  isotope  ^*Na  from  targets  of  Al,  SI,  and 
Ca,  X— Oau  of  Ref.  4,  O— data  of  Ref.  2,  V— daU  of  Ref.  6. 
o— data  of  Ref.  10,  •— data  of  the  present  work.  The  dashed 
lines  show  the  contributions  of  the  low  energy  part  of  the  brems- 
strahlung spectrum  to  the  yields  of  the  reactions  Al  — **Na,  Si 
— *^a  according  to  the  data  of  Ref.  4 and  the  results  of  the 
ealctUatioos  of  the  present  work. 


FIG.  2.  Yields  of  **Na  from  targets  of  Al,  31,  and  Ca.  The 
hollow  symbols  show  the  data  of  Ref.  2,  and  die  solid  symbols 
the  data  of  the  present  work.  Tbe  lines  Indicate  the  results  of 
the  calculations  of  the  present  work,  which  determine  the  con- 
trlbuticn  of  the  low-energy  part  of  the  bremsstrahlung  spectrum 
to  the  yields  of  the  reactions  Al— “Na  and  Si— ”Na  for  2 GeV 
:s£,„s4.3  GeV. 
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Abstra«»— Mean  cross  sections  for  the  photoproduction  of ’Se  and  "C  from  '*F,  ”A1.  “Si  and  ”S  targets,  ’Be  from  999=1  GEV 

'“■"B,  and  "C  from  ''‘N  and  '*0  targets  have  been  measured  using  bremsstrahiung  beams  in  the  energy  range 

0.3-l.0GeV.  The  results  have  been  compared  with  previous  measurements  and  an  excellent  agreement  has  been 

found.  In  most  cases,  the  values  obtained  turned  out  to  be  much  larger  than  those  expected  from  a simple 

spallation  mechanism.  A fragmentation  and/or  a lission-like  process  has  been  suggested  in  explaining  the 

mechanism  of  such  reactions. 
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Fig.  I.  .Mean  cross  sections  per  photon.  <f,.  of  "C  phutuproduc- 
tion  vs  the  target  mass  number  A,.  E.sperimental  data  are  taken 
from;  •.  Ref.  (9];  G.  Ref.  (I3|;  ♦,  Ref.  (2);  0,  present  work. 
The  straight  line  is  a least  squares  lit  of  the  e.spenmental  points. 


Fig.  2.  The  same  as  in  Fig.  I for  ’Be  pliotoproduction.  E.speri- 
mental  data  are  taken  from;  A.  Refs.  [6,7):  V,  Ref.  (j);  0.  Ref. 
[91;  A . Ref.  (10);  ♦.  Ref.  (1 1|;  T . Ref.  [ 121:  □.  Ref.  [131.  H.  Ref. 
114);  O.  Ref.  (2);  O.  pre.sent  work. 
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Table  1 Cross  sections  per  equivalent  quantum  of  ’Be  photoproduction 
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Tlje  location  of  the  M2  giant  resonance  in  ^®Si,  and  ^°®Pb,  predicted  within  the  framework  of  the  .MSI-RP.A.  par- 
ticle-hole model,  has  been  confirmed  by  high-resolution  inelastic  electron  scattering  » 44/4"''^  Me\").  The  fragmented 
M2  strenetli  distribution  can  only  be  described  assuming  a mass-dependent  quenching  of  the  intrinsic gj  factor.  This  has  the 
i.  'r’vjquence  that  tlie  long  sought  Ml  strength  is  much  reduced  in  heav>-  nuclei,  an  effect  which  is  supported  experimentally. 


MZ  LEVELS 


Fig.  1.  The  left  part  shows  selected  (e,  e")  spectra  on  ’*Si,  *®Zt  and  ^°*Pb  at  various  energies  but  all  at  fl  = 165*.  The  2"  states  are 
marked  by  arrows.  The  ri^t  part  displays  the  model  prediction  for  the  M2  strength. 
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Table  3 


Excitation  energies  (in  keV)  of  “Si  levels  determined  in  the  present  work 


Present  exp. 

Ref.  “) 
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4616.81+0.17 

4617.8  ±0.2 
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•)  The  J’  values  are  taken  from  ref.  if  not  indicated  otherwise;  the  T-values  are  from  table  9. 
*)  Resulting  from  an  unpublished  resonant  absorption  experiment. 

')  The  J*  value  has  been  determined  in  the  present  work. 

■>)  Ref.“). 

•)  Measured  relative  to  E,  = 10.72  MeV;  see  subsect.  3.1.2. 
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Table  5 

Gamma-ray  decay  of  ^*Mg(a,  y)'*Si  resonances 
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V-decay  (%)  lo  £,  iMeV)  in  ^*Si 
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81 

14 

8.59(5) 

2323 

11975 

(2’.3-.4*) 

2 

76 

1 

15 

8.59(4),  9.42(2) 

2378 

12023 

5- 

5 

51 

6 

8.41(16).  9.16(13) 
10.18(9) 

2435 

12071 

2* 

58 

13 

2 

4 

9 

2 

8.26(1).  8J9(I) 
10.38(10) 

2564 

12182 

r 

36 

6 

9 

7 

7.38(12).  8.90(13) 
10.90(17) 

2578 

12194 

3- 

77 

16 

4 

3 

2633 

12241 

4* 

52 

23 

2 

2 

7.38(17).  8.59(4) 

2690 

12290 

2* 

54 

1 

3 

II 

30 

7.93(1) 

2703 

12301 

(I-.2*) 

27 

8.33(3).  8.90(42) 
9.50(19).  10.60(3) 
10.72(6) 

2866 

12440 

2* 

74 

5 

3 

4 

1 

3 

9 

1 

2906 

12474 

4* 

94 

2 

1 

1 

7.93(1),  8.26(1) 

2921 

12488 

3* 

75 

25 

2994 

12550 

4* 

61 

3 

5 

2 

7.38(5),  7.42(11) 
7.93(5).  8.26(3) 
10.38(3),  10.42(2) 

3198 

12725 

2* 

68 

21 

6 

1 

2 

2 

3291 

12805 

(1-.2*) 

13 

27 

6 

7.42(6).  10.60(38) 
10.90(10) 

3303 

12815 

r 

70 

20 

2 

10.27(8) 

3349 

12854 

4* 

13 

13 

49 

1 

6 

5 

6 

8.59(2),  8.94(1) 
10.67(4) 

3354 

12859 

(2*.  3-.  4-) 

7 

19 

31 

9.16(35).  10.945(8) 

3402 

12899 

2* 

7 

26 

7 

1 

31 

1 

5 

10 

7.80(11).  8.59(1) 

3429 

12923 

(2*.3-.4n 

53 

8.26(40),  9.48(7) 

3486 

12972 

r 

43 

3 

17 

1 

4 

7.42(1).  7.93(2) 
8.33(3).  8.90(2) 
9.48(2),  10.27(20) 
10.60(..) 

3565 

13039 

O’- 

56 

7.42(3),  8.90(41) 

3628 

13093 

4* 

10 

7 

12 

13 

40 

8.26(8).  8.41(3) 
9.48(2).  10.38(5) 

3642 

13105 

2* 

88 

6 

3 

2 

1 

3787 

13230 

2* 

3 

18 

8 

8 

47 

5 

11 

•)  All  resonances  have  r = natural  and  are  (predominantly)  of  7"  = 0 character;  for  the  J'  assignments, 
see  table  4. 
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NAI-D 

60 

Observatlooa  are  reported  from  the  first  systematic  studies  of  proton  radiative  capture 
at  intermediate  energies.  In  addition  to  captures  to  the  ground  and  first  few  excited 
states,  the  reactions  **B(p,y)'^C  and  ^^Al(/>,.y)^*Sl  reveal  unexpectedly  strong  transitions 
to  Isolated  high-lying  states.  These  latter  transitions  could  take  place  via  “second-har- 
monic" giant  resonances.  Protons  on  produce  a rich  spectrum  of  y rays  which  may 
arise  from  captures  to  high-lying  single-particle  states. 
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REACTION 

RESULT 
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ENERGY 

SOURCE 

DETECTOR 

ANGLE 
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E,E/ 

FHF 

4-  50 

D 91 

MAG-0 

DST 

(91.2) 

Inelastic  electnm  scattering  in  ”Si  between  4 and  30  MeV  excitation  energy  reveals  two  concentrations  of 
El  strength  in  the  continuum.  One  is  between  13  and  20  MeV,  with  a peak  at  17  MeV,  and  can  be- 
identified  with  the  giant  quadrupole  resonance  in  the  ground  state  oblate  weU.  A broad  distribution  of  El 
strength  between  22  and  42  MeV  is  predominantly  isovector  in  nature.  In  addition,  a small  but  persistent  El 
peak  at  24  MeV  was  found,  which  may  be  interpreted  as  being  the  corresponding  state  in  the  prolate  well  to 
the  17  MeV  resonance.  It  is  shown  that  30%  or  more  of  the  photon  cross  section  in  excess  of  the  classical 
dipole  sum  rule  between  10  MeV  and  the  pion  threshold  may  be  due  to  El  absorption. 


FIG.  2.  Th«  0X038  soctlan  divided  by  the  Mott  cross 
section  for  the  states  (or  group  of  states)  at  11.2  and 
13.0  MeV.  Comparison  with  a DWBA  calculation  based 
on  the  Taaste  (Identical  with  the  Goldhaber-Teller) 

and  normalized  to  the  percentage  exhaustlmi  of 
the  Isoscalar  EWSH  as  Indicated  shows  clearly  that  these 
states  axe  quadrupole  excitations. 


I FIG.  3.  Similar  to  Fig.  2 but  for  flie  level  at  63  MeV. 

BComparlaon  with  DWBA  calculations  shows  this  state 
to  be  £3.  This  stats  agrees  very  well  with  the 
I scalar  £3  state  predicted  by  the  shell  model  at  24A 
j MeV  wltti  a strength  of  28%  of  the  EWSH  (AT*0)  (see 
I Ref.  22). 

USCdMM-NaSOC 

1 

1 


(MeV) 


FIG.  5.  Data  of  Fig.  1 after  subtraction  of  a back- 
ground described  In  the  text  and  correction  for  tiie  con- 
stant dispersion  of  the  magnetic  spectrometer.  Soma 
similarity  to  the  photon  data  of  Fig.  4 in  the  17  to  22 
MeV  region  can  be  recognized,  especially  the  four 
characteristic  peaks  at  17.7,  18.3,  20.2,  and  21.4  MeV. 
The  ghost  peak  located  at  92%  of  the  elastic  energy  (£^ 
>7.3  MeV)  has  been  subtracted.  The  spectra  were  taken 
and  fitted  with  10  points  per  MeV,  which  have  been 
reduced  by  a factor  of  2 for  graphical  purposes.  The 
statistical  error  is  equal  to  the  size  of  the  circles  In 
the  120’  spectrum  and  slightly  larger  for  105*. 


I.  Hamamoto,  in  Proceedings  of  the  International 
Conference  on  Nuclear  Structure  Studies  Using 
Electron  Scattering  and  Photoreaction,  Sendai, 
1972,  edited  by  K.  Shcda  and  H.  Ui  [(Suppl . 

Res.  Rep.  Lab.  Nucl . Sell,  Tohoku  Univ.  S, 

208  (1972)] 
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FIG,  7.  Comparison  of  DWBA  calcuUtlons  baaed  on 
the  three  models  Indicated.  It  is  evident  that,  e.g., 
use  of  the  Goldhaber-TeUer  model  Instead  of  the  My- 
ers-Swlateckl  model  would  Influence  the  quantitative 
results  because  the  relative  difference  tc  (MS)- <r  (GT)1/ 
ff  (MS)  changes  from  8%  for  60*  to  28%  for  120*,  lowr- 
Ing  the  £1  strength  subtracted  by  approximately  20%. 
However,  measurements  In  other  nuclei  Indicate  that 
the  MS  model  describes  the  GDH  better,  and,  further- 
more, the  qualitative  features  do  not  change  no  matter 
what  model  Is  used. 


FIG.  8.  ComparlsMi  of  (*,*')  strength  between  15  to 
20  and  20  to  30  MeV  with  DWBA  calculations  based  on  the 
MS  model  for  the  £1  and  the  GT  model  for  the  £2.  The 
data  correspond  to  the  values  of  Table  I,  but  the  15 
to  20  MeV  data  do  not  Include  half  of  the  £2  strength 
found  between  14  and  16  MeV. 


TABLE  L Distribution  of  £ 2 strength  In  ^1  into  the 
various  regions  discussed  in  the  text.  Although  isospln 
cannot  be  directly  Inferred  from  (e,e'),  the  strength 
below  20  MeV  should  be  predominantly  laoscalar  and  the 
one  above  Isovector,  baaed  on  macroscopic  and  micro- 
scopic conslderaUona  and  comparison  with  heavier 
nuclei.  The  subscripts  max  and  min  refer  to  maximum 
and  minimum  values  of  the  sum  rule  extracted  under 
the  background  assumptions  discussed  in  the  text,  AH 
shows  the  error  an%)  If  one  does  not  take  into  account 
contrlbuUons  to  the  error  from  the  background  assump- 


tions. 


£,  (MeV) 

D * 

"IBM 

AR  (%) 

0-15 

30 

30 

10 

15-20 

26  *» 

14 

20 

20-30 

32 

10 

20 

30-50 

70 

50 

30 

50' 

30' 

*R  = ErB  (£2)/EWSR(£2, AT  » 0, 1)  x 100. 

*»Includes  3-5%  EWSR  from  14-16  MeV  complex. 
'Lower  value  derived  by  assuming  70%  of  isoscabr 
3£wj)£3  strength  between  30  and  50  MeV  (Ref.  22). 


TABLE  IL  Comparison  of  the  strength  of  the  Isoscalar 
£2  resonance  around  17  to  20  MeV  from  various  reac- 
tions. R is  evident  tiiat  die  strength  la  grouped  around 
two  values,  (12  to  14)%  and  (25  to  31)%  of  the  isoscalar 
sum  rule.  As  outlined  in  the  text  the  higher  value  in 
hadronic  experiments  la  from  measurements  where  the 
£ 1 was  not  taken  into  consideration.  If  we  use  the 
equivalent  background  procedure  as  in  (ct,a'),  the 


lower  value  of  (14i>3)%  EWSR  results. 

£«  (MeV) 

Reaction 

Reference 

16.9-24.8 

(a, o’) 

31d;5 

Kiw76 

15.5-23.0 

(«*.«') 

27±6 

VanB77 

(P.  P') 

12±4* 

-19.4 

(a, a') 

-25 

YouRTT 

15-22 

“Mg(a,y) 

-13 

Han76 

15-20 

(«,*') 

26±5' 

this 

14±3'* 

work 

*£-£«£  (£2)/EWSR(£2,  AT  = 0)x  100. 

^Valiie  corrected  for  Myers-Swiatecki  modeL 
'Including  nonresonant  strength. 

'^Background  consistent  with  (a, a'). 
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Abstract:  High  resolution  inelastic  electron  scattering  at  low  momentum  transfer  yields  the  precise 
location  of  sutes  with  7*.  T=  I*.  1 in  ^*Si  at  excitation  energies  £,  = 10.594,  10.725,  10.901, 
11.445  and  12.331  MeV  with  an  overall  energy  uncertainty  of  about  ±1  keV.  An  analysis  of  the 
inelastic  cross  sections  to  these  states  in  terms  of  the  DWBA  with  RPA  wave  functions  from  the 
model  of  separable  interaction  (MSI)  yields  a total  isovector  strength  of  = 34.40±  1.37  eV. 
This  result  is  compared  to  RPA  and  open-shell  model  calculations  and  it  is  shown  that  Ml  spin-flip 
transitions  seem  to  be  a sensitive  tool  to  investigate  ground  state  correlations.  A qualitative 
comparison  of  the  Ml  transitions  with  analogous  charge  exchange  reactions  involving  hadrons 
and  radiative  pion  and  muon  capture  is  also  made. 


NUCLEAR  REACTIONS  “Si(e,  e"),  E = 38.7-57.5  MeV;  measured  a{E^,  9).  ^“Si 
deduced  levels  with  J*  = 1*,  transition  probability;  performed  shell-model  calculations. 


Fig.  4.  The  B(M1,  q)  values  determined  from  experiment  with  the  help  of  eq.  (1)  in  the  main  text  plotted 
as  a function  of  q^.  In  the  momentum  range  q-  < 0.2  fra**  the  influence  of  the  higher  moments 
^ = <r*>/<r>  and  /?*  = <r*>/<r>  in  eq.  (2)  is  small.  Therefore  for  the  fit  we  have  used  the  estimates 
=»  1.32  [R*]*  and  R‘  = 2.25  [R*]*  following  from  the  prediction  of  a phenomenological  model 
which  reproduces  the  experimental  value  of  R*  = <r*)/<r>.  Fitted  to  the  experimental  values  is  expression 
(2)  which  yields  extrapolated  lo  q ^ k ^ EJhc  the  R(M1.  X-)  value  at  the  photon  point 
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Fig.  3 gives  cross  section  for  transitions  to  various  states  in  A1 . The  areas  under 
these  data  are  given  in  Table  2. 


The  many-channel  method  was  used  In  the  work  to  measure  the  energy  spectra  of 
photoprotons  from  the  ‘*31  nucleus  a.t  16  values  of  the  upper  boundary  of  y- 
brensstrahlung  from  18.1  to  29.0  MeV. 
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Table  3 


M*V 

0—23 

M«V 

0-20 

SMV 

Q 

W.7,  3.1 

13 

IS 

0,9 

2*7,  0.9 

‘40 

38 

ai 

•IM  (»»>•» 

M«V 

0-n 

0—23 

0— 2t 

MaV 

2.8  1 

w.;;  d8 
W.7.  0.3 

18 

18 

4.0 

1f7.  1A 

14 

17 

8.4 

to 

18 

Fig.  3*  Partial  cross  sections  of  the  photoproton  reaction  on  the  ^*S1  nucleus. 

Pig.  4.  Total  photcproton  cross  section  obtained  In  the  present  work  (a)  and 
total-absorption  cross  section  (b)  for  the  **S1  nucleus  [12]. 


12.  J.  M.  v;yckoff,  3.  Ziegler,  H.  W;  Koch,  and  R.  Uhlig,  Phys.  Rev.,  vol.  137, 
P.  3576,  1965.  / 


The  principal  results  of  the  work,  besides  Pigs.  3 and  4 and  Table  2,  are  likewise 
summarized  In  Table  3 where  the  hole  states  (NZj)“  and  their  spectroscopic  factors  (c*S) 

obtained  in  [11]  for  the  corresponding  excited  states  of  the  ^^Al  nucleus  are  shown  along 
with  the  fractions  of  the  total  cross  section  of  the  photoproton  reaction  represented  by 
the  Integral  cross  sections  In  the  ranges  of  excitation  energy  of  the  ^*S1  nucleus  extend- 
ing from  0 to  23  MeV  and  from  0 to  28  MeV. 
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AS,  M»V 

M«v*mb 

M«V 

AS,  M*V 

M«V*mb 

0 

04-0.7 

34^ 

4.0 
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33At 
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Electron  scacter.ng  from  ^*Si  and  '"Si  has  been  performed  at  energies  from  126  to  293  MeV  and  at  angles 
of  43’  and  90’.  Form  factors  were  cssracted  for  iet  els  below  5.0  .MeV  in  '*Si  and  ^’Si  over  an  erTective 
momentum  transfer  range  of  0.6  to  2.1  fm"'.  A partxle-phonon  coupling  calculation  using  hanr.onic- 
oscillator  single-particle  states  and  dan  from  "*Si  give  a reasonable  description  of  the  low-lying  states  of 
=’Si. 


Nt:CLE.\R  REACTIONS  "’SKe.c'l  first  2 excited  states;  ’’SKe.e'l  first  5 e.x- 
cited  states;  measured  form  factors  45*  and  90°,  0.6«  2.1  fta'‘;  natural  Si 

target;  PV7BA  analysis,  vibrating  core  and  intermediate  coupling  for  ‘®Sl. 


TABLE  VL  Electron  scattering  squared  form  factors  for  levels  In  ^*31. 


Run 

O* 

(fm-‘) 

(0.00  MaV) 

iFl* 

X10"‘ 

A 

% 

2* 

‘Ita 

(1.78  MeV) 

iFl*  * 

xl0"‘  % 

4* 

(fm-‘) 

(4.62  MeV) 

iFl*  * 

xiO"*  % 

1 

0.601 

3270 

0.72 

0.597 

443 

0.72 

2 

0.701 

2000 

0.67 

0.698 

617 

0.94 

0.692 

4.10 

21 

3 

0.796 

1150 

0.54 

0.793 

658 

1.64 

0.787 

7.31 

7.1 

4 

0.89S 

613 

0.74 

0.891 

691 

1.14 

0.886 

15.2 

4.2 

5 

0.951 

361 

0.97 

0.944 

628 

0.70 

0.934 

16.2 

3.0 

6 

0.999 

261 

0.88 

0.995 

636 

0.81 

0.990 

24.9 

7.9 

7 

1.051 

138 

0.64 

1.044 

561 

0.61 

1.034 

27.4 

2.4 

8 

1.156 

36.5 

2.0 

1.149 

425 

0.65 

1.139 

36.5 

2.5 

9 

1.203 

17.6 

0.81 

1.196 

337 

0.47 

1.186 

37.7 

1.06 

10 

1.234 

10.6 

0.51 

1.228 

324 

0.53 

1.217 

42.6 

1.23 

U 

1.266 

5.89 

3.87 

’ 1.259 

271 

0.37 

1.250 

44.7 

0.54 

12 

1.304 

3.62 

8.31 

1.297 

243 

0.55 

1.287 

49.2 

2.5 

13 

1.360 

3.32 

1.15 

1.354 

159 

0.45 

1.340 

47.9 

0.82 

14 

1.412 

4.89 

3.1 

1.406 

126 

0.89 

1.396 

50.9 

1.38 

15 

1.467 

63.3 

0.86 

1.438 

49.6 

1.35 

16 

1.544 

8.77 

0.42 

1.537 

32.4 

1.17 

1.530 

45.6 

1.27 

17 

1.599 

9.60 

1.12 

1.593 

17.7 

2.5 

1.580 

44.6 

3.3 

18 

1.678 

8.22 

0.54 

1.672 

3.62 

2.1 

1.660 

35.9 

1.68 

19 

1.744 

6.08 

0.73 

1.737 

0.932 

6.7 

1.734 

26.9 

2.9 

20 

1.836 

4.60 

0.95 

1.330 

3.35 

3.9 

1.819 

23.4 

1.53 

21 

1.939 

2.49 

1.13 

1.932 

7.81 

2.7 

1.922 

15.3 

1.85 

22 

2.039 

1.12 

1.S8 

2.032 

10.5 

1.09 

2.020 

3.81 

1.43 

23 

2.134 

0.417 

1.68 

2.127 

10,9 

1.01 

2.120 

4.98 

6.4 

24 

1.131 

397 

3.5 

r'TTTr".i' 

* The  squared  form  factor  should  be  multiplied  by  the  indicated  factor. 
^ Percentage  errors  are  statistical  only. 
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FIG.  4.  Squared  form  f»ctorm  tor  electron  •cattertag  from  "Sl.  (a)  2*(1.78  MeV)  levd.  (b)  4*  (4.61  MeV)  level.  Da- 
ta from  three  dlffereot  laboratorlea  are  shown  along  with  the  fits  to  the  diffuse  edge  vibrating  liquid-drop  model. 


FIQ.  5.  Squared  form  factors  tor  electron  scattering  from  the  low-lying  levels  In  ^1.  (a)  MeV)  level,  (b) 

I*  (2.03  Me V)  level,  (c)  3*(2.43  MeV)  level,  (d)  |*(3.07  MeV)  leveL  (e)-i*(4.0fl  MeV)  level.  The  present  data  are  shown 
as  solid  circles  and  the  data  of  Ref.  17  are  shown  as  solid  triangles.  Also  shown  are  theoretical  curves  calculated 
from  the  three  sets  of  eigenvectors  as  described  in  text. 
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REF. 
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METHOD 


Si 

REF.  NO. 


80  Ye  1 


hg 


REACTION 

result 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  PANOC 

TYPE  PANCe 

E,E/ 

FMF 

15 

D 1*3 

MAG-D 

DST 

(14.36) 

High-tcsolution  (e.e')  was  used  to  measure  the  form  factor  of  the  6~,T  = 1 resonance  irt  ^®SL  The  results  disagree  with  Q IN  FM-1 

previous  experimental  results  and  with  theoretical  calculations.  The  role  of  meson-exchange  currents  in  producing  the  ob- 
served quenching  of  magnetic  strength,  and  the  relevance  of  (e,  e')  to  other  reactions  are  briefly  discussed. 


{ TOflONTO  /WT 
— ~RMtS34 


'i  %• 


si 


if 


s i 


\ i 


\i 


10  1.4  l.a  Z2  2.6  10  14 


OttfKtiW  (''"•‘I 

l-'ig.  3.  The  form  factor  for  the  6”  7"=  1 resonance  at 

14.36  i 0.02  MeV  in  ^®SL  The  open-shell  random  phase  ap- 
proximation calculation,  renormalized  to  fit  the  data,  is 
shown  as  a dashed  line. 
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81  Is  5 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

G ,G 

ABX 

5-17 

C 6-17 

NAI-D 

90 

d.  aid  SI. 


Tatle  1 

Levels  Populated  During  Elastic  Scattering 

0 P 

of  Protons  by  an  Si  Nucleus 


Slf  M«V|  T (HI 

E,,,  M.V 

ln(«9r«i  cf ott  svctlon.  M«v*mo 

(prtMnt  work) 

pr«a«nt  worn 

.'<1 

edJ*:  3* 

0,.1i0,l 

o,i2±o,o:i 

6,R7;  3- 
U.SS;  i* 

T.:=o.i 

0,10±0,03 

- 

7.7'.':  3* 
7,0.1;  ‘1* 

7.SiO,t 

0.03±0,02 

- 

8.25; 

8,32: 

3,2s0,l 

0,03±0,02 

- 

slsi:  (4T  5*) 

8,9±0,1 

0,14±0,03 

10,9:  1*;  r-1 

10,9±0,1 

03Si0,05 

- 

ii,«:  !♦,  r-i 
12,33;  l'^  r-1 

11,4*0,2 

23±03 

2JB*04 

— 

143^0,3 

0.06*04)2 

- 

^g.  1.  Cross  section  for  the  elastic  scattering  of  photons  by  an 
denotes  the  threshold  of  the  (YP)—reactlon. 
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REACTION 

RESULT 

EXCITATION 

ENERCY 

SOURCE 

DETECTOR 

ANGLE 

TVPC  PANOC 

G,PI0 

ABY 

THR*20 

C 140-155 

CKV-I 

IPI 

off  tMT 

■esa  e£  *LL  “SL  ^ 

2a.  natural  Cd.  and  natural 

Pb  wee  studied  using  a bremsatrahhmg  beam  with  endpoint  energies  of  140,  143,  ISO,  and 

tion.  The  measured  yields  were  found  to  be  in  disagreement  with  published  theOTetical 
cross  sections  for  ^i(y,>r°)^i  and  also  in  disagreement  with  a simple  schematic  model 
which  assumed  only  coherent  contributions  from  the  M\j^  multipole.  The  schematic 
model,  however,  did  approximately  predict  the  relative  magnitudes  of  the  yield  curves  for 
the  energy  range  14—20  MeV  over  threshold. 


*MEV  ABOVE  THR 


NUCLEAR  REACnONS  ^Li,  “Si,  "Ca,  Cd,  Pb,  (y,ir‘’); 
140—  ISS  MeV;  measured  a\  test  of  reacdoB  modeL 


FIG.  6.  The  experimental  and  calculated  yields  for 
(y,5r®)  off  a range  of  complex  nucleL  The  data  were 
so  that  the  experimental  yield  fit  the 

yieU  at  9.7  MeV  over  threshold  (see  text). 
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Elem.  Syn. 
Si 

Ref.  No. 


B«tcKroBi  mutmtlmm 


61  B«  1 
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29 
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Reactioo 


E or  AE 
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Notes 
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* 0*07  Mev 
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Ref.  E.C.  Booth,  K.A.  Wright 

Nuclear  Phya.  U-J2  (19^2) 


Eleni.  Sym. 

Si 


29 


Ilf. 


Ref.  No. 


Method  2^  electron  Van  de  Graaff;  bremas,;  nuclear  reaonance 
acattering,  ring  scatterer;  Nal 


62  Bo  6 


JHH 


Reection 


E or  AE 


s 


ad  E 


J ff 


Nofea 


Si^^(T,7) 


Bremas, 

0 - If. 


Tasls  S 

Meaa  liledmea  ol  excited  states  deduced  (fom  the  resonance  scatterini^  of  bremsstrahlnn; 


Nucleus 

-0 

Energy  (MeV) 

Spins 

g 

r.ir 

11"  (9) 

TXlO“i35% 

(sec) 

F« 

100 

1.46 

? 

0.13 

(1) 

0.23g 

Na“ 

100 

2.08 

}’-i 

2 

0.1 

0.79 

>0.04 

2.39 

_} 

0.33 

(1) 

>1.6g 

2.84 

_5 

0.6 

(U 

>0.3< 

2.70 

(0.1) 

(1) 

>0.008(f 

2.98 

0.46 

(1) 

0,03g 

Al*» 

100 

2.73 

1 

^0.3 

0.91 

>0.22 

2.98 

-f 

} 

0 216 

1 

2.2x10^ 

Si“ 

4.T1 

1. 28 

2 

1 

0.88 

1.5 

2.43 

-i' 

2 

(i) 

0.38 

0.2 

pii 

100 

1.26 

2 

1 

0.88 

2.2 

2.23 

-» 

3 

1 

0.79 

4.5 

3.13 

-f 

2 

(U 

0.88 

0.2 

3.29 

-♦ 

3 

} 

0.79 

> i.8(/’./r)* 

3.41 

_ 3 

) 

(U 

> i.3f  (r,//’)* 

3.51 

-i 

2 

3 

0.88 

o.o2(r,/r)* 

S« 

93 

3.78 

0+-? 

3 

(I) 

> o.6f  (r./n* 

s« 

4.2 

2.127 

0*-2 

5 

\ 

0.63 

>1.0 

Cl« 

75.5 

1.22 

}*-? 

1 

(1) 

1.76 

— ? 

(1) 

(i) 

2.7(2.65) 

3 

(1) 

0 3U{r,iD' 

3.01 

^5 

3 

(1) 

o.37f(r,/r)* 

CI« 

75.3 

3.1 

p 

3 

(U- 

>o.T+?(/'./r)* 

3.17 

> 

3 

(1) 

> i.oyi/’./D* 

Cl»» 

24.5 

0.838 

}.-? 

1 

(U 

>13? 

1.72 

— ? 

> 

(1) 

>a,8f(r„'/V 

93 

2.53 

i*-> 

1 

(1) 

>l-ig 

2.82 

1 

lU 

> 1.5? 

3.02 

-? 

1 

(1) 

0 37? 

3.60 

I 

(1) 

>0.7? 

3.88(3.94) 

_ 3 

? 

(1) 

o.uarjD' 

4.06-4.12 

_> 

? 

(11 

>o.2?(/’„'D' 

Ca« 

9« 

3.90 

&*-s* 

5 

1 

0.63 

>0.48 

Cu« 

59 

1.33 

i--i 

2 

(1) 

0.8 

44>r>  11 

The  factor  g equals  (3/+ l)(2/«-t>l)~‘. 
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uscOMM*oc  iteae.pes 


TXlO>««ee 

rjr . fv'(!9)  — ^ 

This  work  Other 


LP 

3.M 

7 

!♦-  0 

i 

(1) 

BP» 

3.14 

81 

»--(*) 

i 

1 

Al» 

3.21 

100 

f 

(1) 

M" 

1.01 

100 

} 

O.fl 

S4» 

1.78 

92 

0+-2^ 

5 

1 

S» 

3.24 

95 

0*-2+ 

5 

1 

A*“ 

1.27 

78.6 

S 

1 

1.61 

26 

1 

U) 

0.9M 

69 

»-♦ 

1 

1 

Ca* 

0.67 

69 

I-+ 

i 

1 

0.0079 

+0.0016  “> 

1 

0.012 

-0.0019 

0.0106±0.001 

“> 

1 

0.69 

0.47 

±0.06 

1 

9J 

3.7 

±«* 

L 

590 

170 

±50 

0.63 

89 

79 

±29 

0.69 

26 

<wl6 

0.69 

290 

156 

±80 

“) 

1 

3.9 

16 

±0.6 

-0.4 

0.99 

290 

79 

4.18 

“) 

90 

±i» 

“) 

1 

lOO 

tt 

±3 

I teetor  f equals  (t/-f 
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Resonance  Flurescence  ^®Si(p,p'Y) 


REF,  NO. 

64  Re  1 

JDM 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.G 

LFT 

1 

D 1 

NAI-D  1 

90 

For  the  1.277  MeV  level  in  ^ssi  3/2'^ 

+ 0.83 

r = (2.16  - 0.6l)  MeV 

+ 1.20 

Tjjj  = (3.05  - 0.85)  10-^3  secs. 

3 +2.4 

lMlE2  = (6.5  - 1.8) 

2 + 0.018 
iMjMl  = (0.048  - 0.014) 


rn.  2.  — rel.  nninber  of  resonant  photons/MeV  os.  lifetime  of  3/3  + state  in  Si*. 
Cartes  a)  and  b)  tee  text.  Slope  of  straight  line  resolts  from  experiment. 
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METHOD 


68  Ok  3 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

Type  RANGE 

TYPE  RANGE 

G,P 

ABY 

THR-  20 

C 20 

ACT- I 

ASI 

I'Aniii  I.  Summary  op  data  on  (r.  p)  reactions  wtth  20MeV  BRSstsrrRAHLUNO 


Nuclide 

Parent  Residual 

(Natural  (HalMife) 

abtindanre,  %) 

(MeV) 

Observed 

r-ray 

Yield  determined 
^Ci/mg*>  Yield/mol -R 

Energy 

(MeV) 

Branchin 
ratio  (% 

i Type  of 
muttipole 
transition 

:»Mg 

(10.11) 

=*Na 

(15  hr) 

12.06 

1.37 

100 

£2 

1.48x10-' 

1.7x10* 

»Si 

(4.71) 

«A1 

(2.27  min) 

12.33 

1.78 

100 

£2 

1.91 

2.8x10* 

•»Si 

(3.12) 

«A1 

(6. 56  min) 

13.59 

1.28 

93.8 

E2  + m 

6.51 X 10-' 

l.5x  10* 

«Ca 

(2.06) 

«K 

(22.4  hr) 

12.17 

0.374 

85 

E2+m 

7.86x10-* 

l.3x  10* 

(7.32) 

‘•Sc 

(84.  Id) 

10.47 

0.887 

100 

£2 

7.1lxl0-« 

3.1x10* 

4«Ti 

(73.99) 

«’Sc 

(3.4d) 

11.44 

0.160 

100 

E2+MI 

6.83X10-* 

1.2x10* 

‘•Ti 

(5.46) 

‘•Sc 

(1.8d) 

11.35 

1.31 

100 

£2 

4.40x10-* 

5.8x10* 

”Cr 

(9.55) 

«V 

(3.8  min) . 

11.15 

l.'43 

100 

£2 

5.01x10-' 

6.6x10* 

>’Fe 

(2.17) 

«Mn 

(2.58  hr) 

10.57 

1.81 

23.5 

£2+Afl 

8.10x10-* 

2.1x10* 

(36.74) 

’Kla 

(4.8  hr) 

10.92 

0.295 

97 

(£2) 

3.70x10-' 

1.3x10* 

"Se 

(7.58) 

™Ai 

(26.5  hr) 

9.61 

0.559 

41 

£2 

1.48x10-* 

1.3x10* 

»»Sr 

(7.02) 

••Rb 

(I9d) 

9.41 

1.08 

9 

£2 

5.I5xl0-« 

9.9x10* 

«»Cd 

(12.26) 

"*Ag 

(3.2  hr) 

9.74 

1.39 

35 

£2 

1.91x10-* 

2.1x10* 

"»Sn 

(7.57) 

"•■"In  (54  min) 

9.58 

1.27 

84 

£2 

9.80x10-* 

6.9x10* 

iuBa 

(11.32) 

utCt 

(13d) 

8.67 

0.830 

100 

£2 

1.68x10-* 

2.2x10* 

*"Hg 

(16.84) 

it«Au 

(2.7d) 

7.27 

0.412 

100 

£2 

8.43 X 10-* 

2.2x  10* 

a)  The  value  corrected  at  the  end  of  I hr  irradiation  (9.4  X 10*  R/min). 


Atomic  number 

Fig.  2.  The  yield  curve  for  the  (r,  p)  reaction 
with  20  MeV  bremsstrahlung. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G.N 

SPG 

8-  11 

C 11 

TOF-D 

Dsr 

• 

o 

1 

00 

V-/ 

(10.42) 

A study  of  the  reacttoo  '^Si(y,n)  aear  threshold  suggests  that  a doorway  state  witha/* 

= §'  commoa  to  the  channels  and  ^^Si+y  lies  aear  750  keV.  We  observe  experi- 

Trronfaiiiy  Lane’s  prediction  of  a significant  nooresonant  background  cross  section  asao— 
elated  with  strong  partial-width  correlatioas. 
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REF.  NO. 

73  Fu  2 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  RANGE 

G,N 

ABX 

8-  13 

G 8-  13 

BP3-I 

DST 

(T  (13)  » 11  MeV-fflb 
o 

da/dn  = a + b sii^9 


b/a 


2.1  ± 1.0 

3.9  ♦ 0.8 


B = 11.7  MeV 

m 

■ 12.9  MeV 


Fig.  2.  The  photoneutron  cross-section  for  »Si  using 
a bin  width  of  0.5  MeV. 


Fig.  3.  Angular  distributions  of  photoneutrons  from 
>*Si  irradiated  with  bremsstrahiung  ^«ctra  of  11.7 
and  12.9  MeV  maximum  energies. 
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REMARKS:  Inelastic  form  factor  plotted  for  all  levels 
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REACTION 
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LFT 
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MAG-D 
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Abstract  The  excited  states  of  up  to  8-3  MeV  excitation  energy  have  been  studied 
by  inelastic  electron  scattering  in  the  momentum  transfer  range  0-4  to  105  fm*'.  Ground- 
state  transition  probabilities  and  transition  radii  uere  obtained  for  the  levels  excited. 
At  lower  excitatio.-;  energies  our  transition  probabilities  agree  with  previous  work.  A 
number  of  high  excitation  and  high-multipolarity  Icxels  are  studied  for  the  first  time, 
and  several  previously  tentative  spin-parity  assignments  are  confirmed.  Transition  proba- 
bilities for  L = 2,  3 and  4 are  compared  with  die  predictions  of  the  inte.-mediate  coupling 
model,  and  the  Nilsson  and  shell  models. 


I 


Figure  2.  Inelastic  form  faaors  for  the  ^’Si  E2  transitions  at  1-27  MeV  (V),  203  MeV 
(A)  and  2-43  MeV  (O).  The  full  curves  are  the  best-fit  dwba  form  factors. 


Figure  7.  cwba  fits  to  the  form  factor  data  for  the  7-91  MeV  ( ^ E2; E3), 

813  MeV  ( , E2)  and  8-27  MeV  ( E3; , E2)  levels. 
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Table  S.  Results  for  the  present  analysis  of  ^’Si  using  the  Tassie  model 


£.(MeV) 

r 

Transition  c„  (fm) 

£»(fm) 

R„  (fm) 

B(XL,cjT« 

(e^fm-'-) 

G„(Wu)«f 

1-276 

E2 

2-979 

2-23J 

4-35 

42  ± 10 

3-9  ± 0.9 

2022 

r 

E2 

2-841 

2-23J 

4-26 

148  ± 21 

9-1  ± 1-3 

2418 

r 

E2 

2-844 

2-23J 

4-27 

71  ± 11 

6-6  ± 10 

3-627 

r 

E3 

2968 

2-23t 

4-94 

680  ±90 

>3  ±0-4 

4-107 

74. 

T 

E4 

2-85{ 

2-39{ 

5-97 

(7  ± 4)  X 10’ 

3-6  ± 20 

4-90 

t 

5-280 

74. 

T 

E4 

2-85J 

2-39t 

5-97 

(2-1  ± 0-8)  X 10* 

10±0-5 

6-514 

mr 

E2 

2-230 

2-23J 

390 

11  ± 2 

7019 

Hi)- 

E3 

2-427 

2-m 

4-71 

(1-2  ±0-2)  X 10’ 

7-621 

Hi)- 

E3 

2-818 

2-23t 

4-87 

(1-8  ± 0-2)  X 10’ 

7905 

(ii)* 

E2 

2-841t 

2-23J 

4-26 

50 

E3 

2-968J 

2-23{ 

4-94 

2-8  X 10’ 

8-132 

Hii)* 

E2 

2-841t 

2-23J 

4-26 

3-3 

8-272 

Hi)- 

E2 

2-841J 

2-23J 

4-26 

40 

E3 

2-9681 

2-23t 

4-94 

30  X 10’ 

t See  table  6 and  text 
t This  parameter  was  fixed  during  fitting. 

§ S(XZ.,a>T)  (X  E or  M)  is  the  reduced  transition  probability  for  acitadon  from  the  ground  state  to 
the  level  of  spin  L. 

*"The  collectivity  of  the  levels  are  given  in  Weisskopf  units  as  defined  in  Wilkinson  (19601 


Wilkinson  D.H.  1960  Nuclear  Spectroscopy  (New  York:  Academic) 
part  B 852-89 
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Y-Transitions  assumes  El  for  the  angular  distribution  effect.  *ENERGY  IN  KEV 


Absiract:  Gamma-ray  specira  from  the  neutron  capture  by  natural  silicon  have  been  measured  with 
GylLi)  and  Nal  detectors  for  neutron  resonances  at  565  and  SI 3 kcV.  Absolute  partial  and  total 
^ radiative  w idths  have  been  obtained  and  compared  with  prev  lous  results  and  with  recent  valence  and 
shell-model  calculations. 


g NUCLEAR  REACTIONS  ‘*Si(n,  ■/).  E = 565.  813  keV;  measured  <t(£,  E ).  deduced 

r^.  r . Natural  target. 


Table  3 

Ground-state  radiative  widths 


Resonance 

Weighted 

energy 

mean 

(keV) 

Ge(Li)  exp.  (eV) 

Nal  exp.  (eV) 

(eV) 

565 

0.70+0.25 

0.55±0.I5 

0.60+0.15 

813 

2.40  ±0.65 

2.10+0.50 

2.20  ±0.40 
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4 STATES  1.27- 


4.08 


Electron  scattering  from  ^*Si  and  '"Si  has  been  perfonncd  at  energies  front  126  to  293  MeV  and  at  angles 
of  45*  and  90*.  Form  factors  were  extracted  for  levels  below  5.0  MeV  in  ''Si  and  "’Si  over  an  eiTective 
ntomentum  transfer  range  of  0.6  to  2.1  fm"‘.  A particle-phonon  coupling  calculation  using  harmonic- 
oscillator  single-particle  states  and  data  from  ■’Si  give  a reasonable  dcscnptton  of  the  low-lying  states  of 


21UCLEAR  REACTIONS  ‘*Si («,£■')  first  2 excited  states;  **3i(e,e')  first  5 ex- 
cited states;  measured  form  factors  45*  and  90*.  0.6«  2.1  £tn‘‘;  natural  Si 

target;  PtVBA  analysis,  vibrating  core  and  intermediate  coupling  far  ^^Sl. 


TABLE  Vn.  Eleotioa  scattering  squared  form  factors  for  levels  In  ’*St. 


Run 

r 

(fm"‘) 

(1.27  MoV) 
lf-|J  A 

xiO'*  % 

r 

<fm“‘) 

(2.03  MeV) 
iFl*  ± 

xi0"‘  % 

r 

<ittt 

tfm-*) 

(2.43  MeV) 
IFI*  * 

xi0"‘  % 

i*  (4.08  MeV) 
der  * 

(fra'*)  xio'*  % 

1 

0.598 

113 

38 

2 

0.698 

130 

75 

0.697 

294 

13 

0.696 

169 

18.4 

3 

0.794 

129 

55 

0.792 

331 

8.8 

0.791 

147 

15.1 

4 

0.892 

81.8 

36 

0.890 

355 

5.9 

0.8S0 

123 

11.7 

5 

0.946 

84.7 

21 

0.943 

304 

5.8 

0.942 

138 

9.1 

6 

0.996 

82.1 

24 

0.995 

331 

6.0 

0.994 

120 

9.7 

7 

1.046 

64.8 

13.3 

1.044 

252 

5.9 

1.041 

124 

7.2 

3 

1.151 

48.6 

10.0 

1.149 

181 

6.4 

1.148 

83.1 

8.4 

9 

1.198 

37.3 

10.3 

1.195 

137 

5-2 

1.193 

73.0 

6.2 

10 

1.229 

29.1 

5.0 

1.226 

122 

6,7 

1.225 

67.5 

7.8 

1.219 

2.42 

62 

11 

1.261 

24.3 

6.2 

1.258 

108 

4.4 

1.257 

61.4 

4.8 

1.251 

2.33 

66 

12 

1.299 

20.1 

lO.S 

1.296 

97.2 

6.9 

1.295 

44.3 

8.9 

13 

1.356 

13.0 

5.6 

1.352 

64.2 

5.3 

1.351 

37.5 

5.7 

1.346 

4.05 

25 

14 

1.408 

8.63 

25 

1.406 

46.9 

10.3 

1.403 

23.9 

10.5 

1.397 

6.29 

25 

15 

1.464 

15.5 

10.8 

1.458 

S.89 

16.5 

16 

1.536 

10.7 

12.5 

1.535 

7.60 

11.5 

1.530 

5.51 

10.2 

17 

1.595 

0.96 

121 

1.590 

1.88 

61 

1.584 

7.07 

14.8 

18 

1.673 

0.28 

179 

1.670 

1.10 

49 

1.663 

5.07 

9.9 

19 

1.736 

5.32 

12.9 

20 

1.831 

1.72 

49 

1.829 

2.98 

18.7 

1.827 

1.94 

36 

1.821 

4.95 

15.5 

21 

1.931 

3.36 

41 

1.923 

3.43 

15.3 

22 

2.034 

2.11 

11.0 

2.031 

4.39 

15.8 

2.029 

2.41 

17.2 

2.024 

3.00 

11.6 

'23 

2.129 

2.63 

10.6 

2.126 

4.8S 

17.5 

2.125 

. 2.68 

16.3 

2.119 

2.18 

14.1 

24 

* Tba  squared  form  factor  entries  shonld  be  multiplied  by  the  indicated  factor. 

^ Percentage  errors  are  statlsttcal  only. 
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FIG.  S.  Squared  form  factors  for  electron  scatterlog  from  the  low-lylog  levels  In  ^*S1.  (a)  i*(1.27  MeV)  level,  (b) 

I*  (2.03  MeV)  level,  (c)  1*(2. 43  MeV)  level,  (d)  |*  (3 .07  MeV)  level.  (e)-J*  (4 .08  MeV)  level.  The  present  data  are  shown 
as  solid  circles  and  the  data  of  Kef.  17  are  shown  as  solid  triangles.  Also  shown  are  theoretical  corves  calculated 
from  the  three  sets  of  eigenvectors  as  described  In  text. 
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Abstract:  The  phoioncutron  cross  section  of  **Si  has  been  measured  over  the  energy  range  8 to  28  MeV 
using  the  bremsstrahlung  yield  curve  technique.  The  giant  dipole  resonance  is  observed  to  be 
centered  at  21.2  MeV  and  is  5.5  MeV  wide,  in  addition,  a pygmy  resonance  containing  much  Tine 
structure  is  observed  below  1 7 MeV.  An  attempt  is  made  to  interpret  these  observations  in  terms  of 
the  weak  coupling  of  the  e.xtra  neutron  to  a '“Si  core.  However,  detailed  comparisons  of  the 
structure  and  relative  .strengths  of  the  *®Si  and  ’’Si  cross  sections  reveal  that  the  coupling  of 
the  c.vtra-core  nucleon  is  large  and  significantly  modifies  the  core  wave  function. 


NUCLEAR  RE.ACTIONS  "’Sily.  vn).  £ s:  8-28  MeV,  enriched  sample;  measured  4it 
neutron  yield  with  bremsstrahlung.  Deduced  <rf£).  observed  GOR  and  pygmy  resonance. 


EXCITATION  ENERGY  (MeV) 

Fig.  I.  The  cross  section  *’Si(7.  sn).  obtained  from  the  yield  curve  tneasared  in  l(X>  keV  iniervals.  Error 
bars  ate  suiisiical  only.  There  is  an  unccnainty  no  greater  than  10  % in  the  absolute  magnitude  of  the 
cross  section.  Horizonul  bars  indicate  the  width  of  the  imenrai  used  in  data  analysis. 
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EXCITATION  ENERGY  (MaVI 


Fig.  2.  The  cross  section  for  ■‘’SKy.  n).  obuined  from  the  yield  curve  neaswed  in  50  keV  intervals.  Error 
bars  are  statistical  only.  There  is  an  uncertainty  no  greater  than  10*.  in  the  absolute  magnitude  of  the 
cross  section.  Horizontal  bars  indicate  the  width  of  the  interval  used  in  data  analysis 
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Fig.  5.  The  absolute  cross  section  for  the  reaction  =‘Mg(a,/,)”Si  plotted  as  a function  of  the  energy 
of  the  incident  alpha.  The  data  were  taken  in  100  keV  steps.  As  in  fig.  3,  the  angular  distribution  irwd 
was  of  the  sin*  0 form  typical  of  an  electric-dipole  transitioa. 


EXCITATION  ENERGY  IN  ’^Si  (MeV) 
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Fig,  6.  Same  as  fig.  5 except  that  the  measurements  were  taken  in  30  keV  steps  instead  of  100  ksV 
and  extend  only  from  5.0  to  >.7  MeV. 
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Table  1 

The  averaged  absolute  cross  sections  0(0,7,)  and  0(0,7,)  for  the  reactions  **Mg(o,7,),  *‘Mg(o,7,), 

“Mg(o,7,)  and  “Si(a,7,) 


“Mf(o,7)«Si  “Mg(«.y,)"Si  «*Si(o,y,)“S 


(MeV) 

<r(<x,7,) 

(A«b) 

^(aLyi) 

(/ib) 

(MeV) 

<t(aLy.) 

(Mb) 

JEx 

(MeV) 

<?(«.*/•) 

(Mb) 

14.63-16.63 

8.3 

5.0 

14.1-16.1 

6.1 

13.1-15.3 

1.7 

16.63-18.63 

12.9 

6.1 

16.1-18.1 

9.7 

13.3-17.3 

2.2 

18.63-20.63 

11.0 

8.6 

18.1-20.1 

4.6 

20.65-22.65 

2.1 

5.6 

20.1-2Z1 

1.0 

14.63-22.63 

8.6 

6.3 

14.1-22.1 

3.3 

13.1-17.3 

1.9 

The  cross  sections  in  the  first  four  rows  were  obtained  from  the  data  in  figs.  3-6  and  13  by  averaging 

over  the  indicated  « 2 MeV  ranges  of  excitation  energy  Ex  in  the  product  nucleus  C*Si,  **Si  or  ”S). 

The  last  line  gives  the  average  for  the  entire  energy  range  that  was  studied. 

- 



Table  3 


The  cross  sections  0(7,  a,)  for  the  a-decay  of  the  nuclei  **Si,  **Si  and  **S 

Target 

nucleid* 

AE 

(MeV) 

a(y, «,) 
(mb) 

<^y.  P«) 
(mb) 

a(r,  a.)  /(««)/y*(p») 

afy.  Pt)  f — 1 f 3 

"Si 

16.63-18.65 

1.01 

6.2 

0.16  0.35  0.12 

18.65-20.65 

0.94^ 

11.7 

0.080  0.095  0.041 

20.65-22.65 

0.22 

9.6 

0.023  0.019  0.011 

16.63-22.63 

0.72 

9.2 

0.08 

“SI 

14.r  -16.1 

0.43 

16.1  -18.1 

0.69 

18.1  -20.1 

0J5 

18.1  -20.1 

0.35 

20.1  -22.1 

0.08 

14.r  -22.1 

0.38 

"S 

13.1  -15.5 

0.20 

1.7 

0.12 

15.5  -17.3 

17.5  -19.5  \ 

0.27 

2.1 

0.13 

3.0 

13.1  -17.3 

0.23 

1.9 

0.12 

j The  averages  were  taken  over  mi  2 MeV  wide  energy  regions  J£  and  over  the  total  studied  energy 

I region  of  the  giant  dipole  resonance.  These  cross  sections  were  obtained  by  detailed  balance  from  the 

I a>capture  in  **Mg,  ®*Mg  and  **Si.  For  comparison,  the  average  cross  sections  0(7,  p,)  over  the  same 

i energy  regions  for  the  reactions  ’*Si(y,  p,)”AJ  and  “S(y,  p,)’-P  are  also  presented.  These  likewise 

were  obtained  by  detailed  balance  from  the  inverse  reactions  as  measured  by  Singh  er  a/.  *)  and  by 
Deamaley  er  a/. ').  For  the  calculation,  we  assumed  an  isotropic  angular  distribution  for  the  ‘*Si^,p,) 
reaction,  a sin*  9 distributkm  for  ‘*S(y,  p«).  In  addition,  the  ratios  0(7,  ci^)la(y,  p,)  are  given  for  both 
*’Si  and  and  also  the  calculated  reduced  width  7*(e,)/7^(p,)  for  an  orbital-angular-momentum 
; transfer  of  / »•  1 and  of  / 3 in  the  decay  of  **SL 
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l Ani.t  I.  .Summary  of  data  on  (r,  p)  REAcnom  with  20  MeV  BuiomiAHLUNO 


Nuclide 


Parrni 
(Natural 
abundance.  %) 


Residual 

(HalMife) 


(MeV) 


Observed 

- ~ V 

Energy  Branching  Type  of 
(MeV)  ratio  (%f  muitipole 
transition 


Yield  determined 


pCi/mg»> 


=’Mg 

(10.11) 

■•Na 

(I5hr) 

12.06 

1.37 

100 

El 

1.48x10-' 

1.7x10* 

«Si 

(4.71) 

'•’Al 

(2.27  min) 

12.33 

1.78 

100 

El 

1.91 

2.8x  10* 

>»Si 

(3.12) 

«Al 

(6.56  min) 

13.59 

1.28 

93.8 

El+MX 

6.51x10-' 

1.5x  10* 

»Ca 

(2.06) 

(22.4  hr) 

12.17 

0.374 

85 

El+Ml 

7.86x10-* 

1.3x  10* 

■•’ri 

(7.32) 

'•Sc 

(84.1  d) 

10.47 

0.887 

100 

El 

7.11x10-* 

3.1x10* 

"Ti 

(73.99) 

‘»Sc 

(3.4d) 

11.44 

0.160 

100 

El-trMX 

6.83x10-* 

1.2x10* 

**Ti 

(5.46) 

♦»Sc 
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Fig.  2.  The  yield  curve  for  the  (r,p)  reaction 
with  20  MeV  bremsstrahlung. 
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Abstract:  The  photoneutron  cross  section  for  ^Si  has  been  measured  over  the  energy  range  10  to 
28  MeV  using  the  bremsstrahlung-yiekl-curve  technique.  The  cross  section  is  observed  to  be  highly 
fragmented,  consistent  with  systematic  trends  observed  in  other  Hght  nociet  consisting  of  two 
neutrons  outside  a self-conjugate  core. 


NUCLEAR  REACTIONS  ^°Si(y,  in),  £ — 10-28  MeV  bremsstrahlung;  measured 
neutron  yield;  deduced  <r(£).  ^°St  deduced  CDR  fragmentation. 


Fig.  1.  Low-energy  region  of  the  “Sit'y,  n)  cross  section  determined  from  a yield  measurement  taken 
at  50keV  intervals.  The  vertical  bars  indicate  sutistical  uncertainty  and  the  horuoniai  lines  give  a 

measure  of  the  resolutioo. 


Fg.  2.  The  ’°Si(y,in)  cross  section.  No  correction  has  been  made  for  double  counting  from  the  (y,  2n) 
reaction.  The  vertical  bars  indicate  statistical  uncertainty  and  the  horizontal  lines  give  a measure  of  the 

resolution. 
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Table  1 

Resonances  observed  in  the  reaction  ’°Si(y,  in) 
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The  widths  and  heights  are  values  obtained 
from  a fit  of  lorenizians  to  the  high-resoiulion 
data. 
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The  name  phosphorous,  derived  from  the  Greek  phos  + phoros  meaning  "light 
bearing",  indicates  its  properties  of  glowing  in  the  dark  when  exposed  to 
air . 

Raimondo  di  Sangro  (1710-1771)  mentioned  the  "perpetual  lamps"  of  Saint 
Augustine  (354-430)  which  were  found  in  the  sepulchers  of  the  early 
Christians.  Di  Sangro  believed  that  these  lamps  contained  phosphorous. 
Paracelsus  (1493-1541)  had  a recipe  for  "the  separation  of  the  element 
from  watery  substances".  He  obtained  "icicles  which  are  the  elements  of 
fire"  apparently  from  the  distillation  of  urine.  This  probably  was 
elemental  phosphorous. 

Most  authorities  attribute  the  discovery  of  phosphorous  to  Hennig  Brand  of 
Hamburg  who  used  the  residue  from  evaporated  urine  as  the  source  of  the 
element.  No  one  knows  what  led  this  zealous  alchemist  to  hope,  that  in 
human  urine,  he  might  find  a liquid  that  might  change  silver  into  gold, 
but  it  is  well  known  that  his  odd  experiments,  produced  both  startling  and 
strangely  beautiful  results.  Mews  of  the  discovery  spread  across  Germany 
but  Brand  kept  his  process  secret  at  least  for  awhile. 

Its  history  at  this  point  is  sprinkled  with  deceit  and  intrigue.  Many 
alchemists  sought  the  philosopher's  stone  and  it  was  thought  that  such  an 
unusual  material  as  phosphorous  might  lead  to  this  stone.  Von  Leibniz 
(1646-1716),  the  famous  German  mathematician  and  scientist,  was  personally 
acquainted  with  Brand  and  wrote  a detailed  account  of  the  discovery  of 
phosphorous  as  well  as  a biographical  sketch  of  the  people  involved.  It 
is  interesting  that  an  element  so  difficult  to  isolate  should  have  been 
discovered  through  the  unguided  fumbling  of  an  alchemist. 
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REF.  M.  Riihonen,  J.  Keinonen,  A.  AnttiTa 
Nucl.  Phys.  A313,  251  (1979) 
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REF.  NO. 

79  Ri  2 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

P,G 

NOX 

3-5 

D 0-2 

SCD-D 

DST 

(3.11-4.76) 

(.37-2.09) 

,\bs»ract;  The  absolute  resonance  strengths  of  the reactions  have  been  studied.  New  STELLAR  REACTION  RATE 

values  for  the  frequently  used  standard  resonances  at  = 370,  416  and  620  keV  in  the  above 
reactions,  respectively,  have  been  determined.  In  addition,  the  strengths  of  the  ^®Si(p,  y)^’P 
resonances  at  = 1381,  1632  and  2088  keV  and  of  the  four  dominant  ^°Si(p.  y)^‘P  resonances  at 
£p  = 499.  777,  942  and  983  keV  have  been  determined.  The  branching  ratios  and  angular 
distributions  ot  the  y-rays  used  in  the  determinations  were  obtained  in  the  same  experimental  set-up 
as  the  strength  measurements.  Using  these  revised  resonance  strengths,  the  astrophysical  reaction 
rates  ol  hydrogen  burning  of  *'*■  ^°Si  in  explosive  carbon  burning  have  been  deduced.  The  reaction 
rates  found  for  hydrogen  burning  of ' ^“Si  in  the  stellar  temperature  region  of  T = (0.3-1 0)  x 1 0’  K 
are  compared  with  Hauser-Feshbach  calculations. 


NUCLE.AR  REACTIONS  -“Si(p,  y).  E = 0.37,  1.38,  1.65.  2.09  MeV;  -’Si<p.  y). 

^ MeV.  ^“Shp,-/).  £ = 0.50,  0.62.  0.78,  0.94,  0.98  MeV;  measured  <r(£^).  /^(O).  2«-^o.3ip 
resonances  deduced  y-branchings,  resonance  strengths.  Ge(Li)  detector.  Natural  and  enriched 

targets. 


Fig.  I.  The  results  of  angular  distribution  measurements  of  the  standard  resonances  at  E^  = 370,  416 
and  620  keV  in  the  ^"Silp,  y)*'*” ^‘P  reactions.  In  the  case  of  the  £^  = 620  keV  resonance,  the 
experimental  points  are  shown  without  eccentricity  or  absorption  corrections.  In  other  cases  these 
corrections  have  been  made.  The  solid  lines  are  the  fitted  curves  of  the  form  IV{U}  = 1 -ra,P,{coiU) 

+ a^P^(cos0). 
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Table  I 


Summary  of  the  angular  distribution  results  for  ■"?  resonances  and  comparison  with  previous 

values 


Reaction 

(MeV) 

Transition 

(MeV) 

"1 

present ') 

previous 

present  *) 

previous 

•”Si(p.  ;•)=■'? 

0.37 

r - 1.95 

0.52  + 0.02 

0.372  ±0.036  "I 

-0.19±0.03 

0.097  ±0.071  ”) 

r - 1.38 

-0.79  + 0.02 

-0.809  ±0.041  ") 

-0.01  ±0.03 

0.026  ±0.074  ") 

1.38  0 

-0.58  ±0.03 

-0.568  ±0.0 17*’) 

-0.05±0.04 

-0.0I7±0.03I  ") 

1.95-0 

0.19  ±0.02 

0.211  ±0.039  *■) 

0.1 3 ±0.03 

0.1 20  ± 0.080”) 

1.38 

r - 1 .95 

-0.83  ±0.03 

-0.55  ±0.55 ‘) 

0.14  ±0.05 

0.01  ±0.07 ') 

r - 1.38 

0.67  ±0.02 

0.51  ±0.09 ‘) 

-0.47  ±0.02 

-0.25  ±0.09') 

1.38-0 

-0.61  ±0.03 

-0.59  ±0.05  "I 

-0.03  ±0.04 

1.95  - 0 

0.41  ±0.02 

0.44  ±0.07 '■■) 

-0.34  ±0.03 

-0.30  ±0.07') 

1.65 

r - 0 

-0.43  ±0.03 

-0.53  ±0.04') 

-0.03  ±0.04 

'•SKp,  7)"®P 

0.42 

r - 0.71 

0.30  ±0.02 

0.01  ±0.03 

r - 0.68 

-0.37+0.02 

0.00  ±0.04 

^"SKp.-.O^'P 

0.50 

r - 0 

-0.49  ±0.03 

-0.39  ±0.01  ■*) 

0.00  ±0.02 

-0.01  ±0.01  '’) 

-0.41  ±0.02') 

0.62 

. r - 0 

0 

0 

0.78 

• r - 0 

-0.40  ±0.02 

-0.31  ±0.01  ') 

0.01  ±0.04 

0.94 

. r - 0 

-0.83  + 0.03 

-0.72  ±0.02') 

0.05  ±0.05 

0.98 

- r-0 

-0.65  ±0.03 

0.07  ±0.04 

The  £p  and  £,  values  are  taken  from  ref. 

*)  The  coefficients  are  corrected  for  finite  solid  angle  of  the  Ge(Li)  detector  ^®).  The  correction  due  to  the 
finite  size  of  the  beam  spot  on  the  target  is  negligible  and  is  considered  to  be  included  in  the  uncertainty  of  the 


target-to-detector  distance,  50+2  mm. 


”)  Ref.  ■’). 

')  Ref.  ■*). 

'*) 

Ref.  ’). 

')  Ref. 

Table  2 

Summary  of  the  present  strength  measurements 

Reaction 

Transitions 

Branch- 

^^'„=(55») 

■^l«b 

(keV) 

(MeV) 

ing*)(%) 

eV/(10‘’  at/cm^)  (eV) 

*'Si(p.  v)”P 

370 

r-  1.95 

30±2 

1.04 

14.1 

(5.5  +0.8)  X 10--* 

r-  1.38 
1.38-0 

70±2 

70±2 

1.00 

1.01 

(5.4  ±0.5)xl0-^  (5  6+04)xl0-> 
(5.6  ±0.4)x  10-’  (5.6±0.4)x  10 

1.95-0 

27  + 2 

0.97 

(5.7  ±0.8)  xlO"’ 

1381 

r-  1.95 

51±1 

0.97 

6.8 

(103  ± 8)xl0-> 

r-  1.38 
1.38-0 

46±1 

49+1 

1.09 

I.OI 

(84  ± 8)xl0-^  (92  + 81x10-^ 

(89  ±10)xl0-'  (92+.8)xl0 

1.95  -0 

51±1 

1.07 

(93  ± 9)x  10*^ 

1652 

r-0 

93±1 

1.00 

6.1 

9.0  ±0.7 

2088 

r-0 

91+2 

1.19 

5.1 

0.95  ±0.1 4 

”Si(p,  v)^®P 

416 

r - 0.71 
r - 0.68 

33±1 

57+1 

1.00 

1.00 

13.3 

1.04  + 0.10 

0.99±0.15 

”Si(p.v)^'P 

499 

r-0 

52  '*) 

1.00 

12.1 

0.33  ±0.05 

620 

r - 0 

95±I 

1.00 

10.8 

5.0  ±0,3 

777 

r-0 

68  ■•) 

1.00 

9.5 

1.2  ±0.2 

942 

r-0 

66  ■*) 

1.00 

8.5 

2.0  ±0.3 

983 

r - 0 

70  ■*) 

1.00 

8.3 

2.0  ±0.3 

The  £j  and  E,  values  are  taken  from  ref. 

*)  All  values  given  are  relative  to  the  value  of  100  % for  the  total  intensity  for  the  decays  of  the  resonance 
state. 

"}  As  deduced  from  the  angular  distribution  data  obtained  in  the  present  experimental  geometry.  Thus  the 
solid  angle  attenuation  is  taken  into  account  experimentally.  Error  limits  are  within  I %. 

' ‘)  Ref.  •*).  Error  limits  estimated  to  be  +5  %. 

“')  Ref.  ’).  Error  limits  estimated  to  be  ± 2 %. 


445 


A=30 


A=30 


A=30 


447 


Ref.  A.K.  Val'ter,  Yu.  P.  Antuf'ev,  E.G.  Kopanets,  A.N.  L'vov,  P.  Tsytko 
Zhur.  Eksp.  i Teoret.  Fiz,  lMf-9  (I96I) 

Soviet  Phys.  JETP  lA,  1035  TT962) 
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Method 


if--  MeV  Van  de  Graaff;  Na  I 


Ref.  No. 

61  Va  2 


JHH 


Reaction 


E or  A E 


S" 


dE 


J ^ 


Notes 


(p,t) 


1.33 


6.8if-±.o8 

1.97±.o8 

0.68±.05 

(For  trans 
itions  to 
ground 
state,  se 
Table  I 
below. ) 


2 + 
0 + 


Angular  distribution  of  6.8k  MeV  line 
(Figure  2)  fitted  by  least  squares  to 
(lw(o)  = 1 - (0.if-85±.015)  cos^S. 


FIG.  2.  Expenmeotal  an- 
gular distribution  of  the  y rays 
for  the  y transition  from  the 
6.847-Mev  level  to  die  ground 
state  of  P"  {see  (1)]. 
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FIG.  3.  y-transition 
scheme  ia  P**  from  the 
6.847-Mev  resonant  level. 


FIG.  1.  Hard  part  of  the  y-ray  spectrum  for  the  resonance 
at  Eo  =»  1330  kev  in  the  reactioo  Si*  fp,  vIP*. 


FORM  NBS-4I8 

(8-1-83) 

USCOMM-DC  10556-PS3 


Tabu  I. 


No. 

y lines  observed 
in  the  spectrum, 
Uev 

Level  of  P“ 
nucleus 

Soergy  of  y 
trsnsition  snd 
reUUve 
intensity* 

i2Litl«l 

— 

final 

1 

6.84=0.08 

6.847 

0 

6.847  ; 70% 

2 

4.30=0.08 

8.847 

1.97 

4.877;  10% 

3 

3.90=0.08 

6.847 

2.94 

3.907;  15% 

4 

3.50=0.08 

4.18 

0.684 

3.496;  5% 

S 

2.70=0.08 

6.347 

4.18 

2.667 

6 

2.25=0.08 

2.34 

0.684 

2.256 

7 

1.97  = 0.08 

1.97 

0 

1.97 

8 

1,65=0.08 

4.18 

2.54 

1.64 

9 

, 1.45=0.08 

2.94 

1,45 

1.49 

10 

0.68=0.05 

0.684 

0 

0.684 

•Th«  sum  oi  all  th*  trassitlona  trom  tha  resonant  level  is 
takea  to  be  lOO  pe<<eeat. 
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Zhur.Eksptl.  i Teoret.Fiz.  4Z,  386  (1962); 

Soviet  Phys.JETPlS,  268  (1962) 


Method 

Nal(Tl) 


Reaction 

E or  AE 

E 

0 

r 

S'’*"' 

J 

Si^^(p,7)P^ 

keV 

° E = 

P 

1.3-1.55 

keV 

E = 
P 

1308 

1330 

1375 

(1470) 

1500 

1+ 

2“^ 

1375  KeV 
6.89±.08 
1500  Kev 
level . 

Elem.  Sym. 

P 


30 


Ref.  No. 

62An2 


15 


(ic- 


Notes 


resonance  corresponds  to 
MeV  level. 

corresponds- to  7,01±.08 


u.s.  department  of  commerce 

national  bureau  of  STANCAFOS 


FORM  NBS-418 
(8-1-63) 

USCOMM-OC  te596>P63 


PHOTONUCLEAR  DATA  SHEET  450 


Ref.  A.K,  Val'ter,  E.G.  Kopanets,  A.N.  L'vov,  S.P.  Tsytke 
Izv.  Akad.  Nauk  SSSR,  Ser.  Fiz.  252  (I963) 


Method 


Monochromatic  protons;  Nal 
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kef.  No. 

63  Va  2 


15 


Reaction 


AE 


ad  E 


J 


Notes 


Si^^(p,7)P 


;;o 

1.308 


6.8 


1 + 


I I I 

to  Si  12  12  12 


TT 


c:/'s 

o.u. 


i 

f 

1 w 

1 {(Z)  3 

III::: 

pJO 

2"  t 


(z‘)  0 

r 0 
o'  I 

■ 1'  0 


Pile.  1 . iKi'CTKaH  MacTbcacKTpa  cootaeTCTBy- 

Biuiii.'C  ppaoiiaiicy  l:W8  keV  n peaKuim  Si-’  {p,  T)?’*. 

I.  B,  C.  r>.  C.  II  — niiKii  iio.iiioro  nor.iomeHHa  "r-iiy- 
■K'li  J.TH  Moiio.'cpoMaTiiMocKnx  T-.iyaeii,  no-Tyaenmie 
iipii  paMoa^eiuiH  a3nepeHiioro  caentpa 

3ucpruu  n iinrencusHOcni  i^o:imiua«>iunx  npu  pAspiUKa  pe^nsBaioro 

ypouiia  U.827  MeV 


Pnc.  2.  Cxeiia  pacnaaa  peao- 
naiiciioro  ypoanji  c o'.Top- 
rnoii  ao.iuyiidcnita  C.827  MeV 
(E„  = io'jS  koV).  UiiqipaMii 
OKO.ao  crpe.aoK  vKaaauK  iiu-  | 
TenciiBiiocTn  'f-Eepexoaou  j 


MeV 

OdoaHaxe* 

mill  (Ha 
pitc.  1) 

y&onim  1’* 
uaia.ibiiud  1 

V .si«v 

KOMC'IHUU 

“ OiiiTrnn  -r-ne- 
r'c\u.';a  lUO 
j CXCMC  T’lIC-  -) 

OianciiTa- 
.~i>hah 
' siirrcacuB- 

1 Ui>C7fc  • 

uovTb  n ra 
-••KT^P  T-n< 
r«xazi 

6.3  - 0,03 

-1 

3,S27 

0 

6,.h27 

1 10 

.£■3) 

ii,l  - 0,08 

B 

s,.8a-  1 

» ) , ii,S4 

' 6.14 

34 

Ml 

.6,3  0,08 

c 

6.327 

1 , 46 

: .3,33 

■ 12 

{CZi 

•4.3  - 0,08 

D 

6,827  1 

2 , .64 

•4. 20 

! 12 

3,0  - 0.08 

G 

6,^27 

2.04 

3,5.1 

; 12 

0.03 

n 

2,'.W  i 

0 

' 2,0-4 

2 

2,. v;  -^0.05 

0 

2 .6-4 

. 3 

2,2.6  - 0,0.6 

2,M  , 

0,684 

i 2 . 2G 

; 10 

1,4.6  0,0.6 

- 

1 A--i  ' 

t) 

. 1 4.6 

12—9 

1.10  0,03 

- 

2,.5i 

1 . 1-6 

: i.oo 

i 0 

1-2'. 

0,684  - 0,05 

— 

0,65-4  1 

0 

1 0,6>4 

; o4 

-i;; 

r-nrpexoaoD  c a-'inioro  ’.  e^ou^ucuoro 
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METHOD 


Si^®(p,y)P^°  Electrostatic  accelerator;  Nal 


30 


REF.  NO. 

64  Ej  1 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANOl 

TYPE  RANGE 

TYPE  RANGE 

G 

N0X 

7 

D 1 

NAI-D 

DST 

Q = 5.57  ± 0.03  MeV 


J-PI.  WIDTHS 


Table  1 


Excited 

Gamma  ray  De-excitation 

state 

£^(MeV)  Initial  State-Final  state  (MeV) 

Reduced  width /’^j(eV) 

4 - 

6.335  MeV 

6.85 

6.835-0 

0.02  4-0.01 

2 

<u 

;«  = l+,  r = 0 

6.15 

6.835-0.685 

0.17  4-0.03 

> 

r,  <4  keV 

(3.9) 

(6.835-2.94) 

(0.0 15  ±0.008) 

a 

6.36  MeV 

6.85 

6.86  -0 

0.22  ±0.04 

r = 2±,  r = 1 

5.4 

6.86  -1.45 

0.05  ±0.015 

2 - 

r,  = 6±2keV 

(6.15) 

(6.86  -0.7) 

(0.01  ±0.006) 

Relative 

THE  “Si(p,  y)*»P 

REACTION 

475 

1 - 

£p 
1.333 
1.309  =! 
a9585_, 
0.9175= 
0.730  = 
Q698 
0.415  = 
0.326 


asa 


29, 


SiTP 


6.835  6.86 


647  651 


6?6  629 


5.90  .599 


294 


3j02 


2.72 


■284; 


254 


1.97 


1.45 


nfiS4  0.705 


(ft 

(f- 

(.-■ 


.101 


2T 

1 1+  in 

(i: 

in 

2r 


3+ 

2*'  0 


/> 


255m 


0 + 


r 0 
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Fig.  10.  Angular  distribution  of  ganuMjays  to  lik 
ground  state  at  ^ 1.333  MeV  resonance. 


£|B-  1 1.  Coefficients  of  tfae  Legendre  polynomial  expansion  of  the  aogti 

distribution  of  gamma  rays  to  the  ^ound  state  at  = 1-333  .MeV  Tsona 
.,4,  and  indicate  the  coefficient^  of  8|(cos  d)  and  Fjfcos  d),  resp^vel; 
A and  B renre^nt  the  calcgiate^  coefficient  of  2'^-l+  transition  for  cha 
spin  0 a^  Ij,  respectively.  Cand-^  are  thoseof  2~-l*  tran^on^for  ljj‘  la; 
respecdvely.  Parameters  on  theJinM.of  A atnd  B indicate  the  ratio  of  the  ainoi 
of  E2 Yransition  to  thatoT&fl'  tran  sition.  Eapcriaieatal  value  and  the  error 
represented  as  the  inner  part  of  the  rm angle. 


'Fig.. 5.  Decay  schemes  of  gamma  ra^  from  thei 
1.3(i9TMeV'wid  the  f.SinvfeTreMnancM.  (a)  van 
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ELEM.  SYM.  A 
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69  Ha  2 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

LET 

6-8 

D 0-2 

SCD-D  0-7 

J-PI 


Tails  L KMeoanca  In  tha  SP*(>,  t}F**  raictioa  for  £,>300-1800  IceV.  The  resonance  strengths  (Z/+1)  TyTf/r  and  the  total 
widths  r are  given.  For  comparisoo,  resonances  reported  in  Refs.  22  and  23  for  SP*(^,  ^)Si”  are  also  listed.  The  (p,  p)  daU  at  1505 
recent  work  in  this  laboratorr,  to  be  published  ebewbere  (Ref.  17). 


E, 

(MV) 

&(!-) 

(keV) 

SF(/,t)P- 

S 

(eV) 

r 

(MV) 

E, 

(MV) 

SF(/,/)Si* 

r 

(MV) 

'327 

S.913 

0.077^:0.015 

^3 

416 

3.999 

O.TOdsO.lO 

^5 

696 

6.272 

0.87:^.  17 

^4 

731 

6.304 

0.44^.09 

^3 

917 

6.483 

0.40:^0.08 

^4 

9S8 

6.323 

0.19d:0.04 

^2 

mi 

6.671 

0.21±0.04 

^2 

1302 

6.856 

1.4d:0.3 

^2 

1324 

6.877 

0.36^0.07 

^2 

1327 

6.880 

2.4i:0.5 

S.7:fcl.O 

1331 

6 

r 

1374 

6.925 

4.0±0.S 

7.1±0.7 

1377 

7 

1- 

1470 

7.018 

0.73:d;d).15 

^4 

1470 

^4* 

1-2- 

1502 

7.0« 

(weak) 

ISOS 

7.052 

5.0d:1.0 

^3 

1505^ 

0.037 

4- 

1643 

7.185 

14:1:3 

17. 2^.0 

1648 

16 

1- 

1664 

7.206 

0.S3:±0.16 

^1.3 

1669 

7.210 

0.591:0.12 

^3 

1686 

7.227 

11±2 

5.91:0.7 

1686 

7 

1-2- 

1746 

7.285 

2.21:0.5 

^1.5 

1749 

7.288 

5.2±1.0 

^2 

1773 

7.311 
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^1.5 
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REF.  NO. 

57  Ba  3 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G.N 

ABY 

ll-U 

C 11-14 

ACT-I 

API 

BREAKS 


Position  des  disco.ntinuites 
DANS  LA  couRUE  d'activatio.s  ue  ”P  (85.  6) 

Seuil  (MeV)  Energie  des  discoiUinailes  (MeV) 

i3,33±o,o5  12,58  ia.73  12,90  i3,i8  i3,38 

Ecart  enlre  les  discontinuiles  (keV) 

25o  170  i5o  280  200 


I-- 

£ncrgie  en  MeV  dos 

rates 

12.33 

12.5S 

12.75 

x2»go 

(>3.05) 

i3.‘8 

J-(\V)(AV  en  keV. 
barns 

0,065 

0,284 

0.235 

0.523 

0,232 

0,660 
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Nn/B 


i.G.  Chidley,  L.  Katz,  S.  Kowalski 
Can.  J.  Phys.  58,  4-07  (1958) 


Betatron 


reaction 

result 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPC  RANGE 

G,N 

RLY 

THR 

C THR 

BF3-I 

4pi 

See  58  Ka  1 for  cross  sections. 

TABLE  I 


THRESH(^LD 


Measured  photoneutron  thresholds 


Measured  Other  Q values. 

Reaction  Q value,  Mev.  Mcv.  Method  Reference 


P'Ky.  n)P” 


12. 50  3=0. 05 
(12.45±0.08) 


12.35  ±0.2  Threshold 

12.4  ±0.2  Threshold 

12.05  ±0.20  Threshold 

12.40  ±0.08  Mass  data 

12. 391  ±0.030  Review 


McElhinney  et  al.  (1949) 
Katz  and  Penfold  (1951) 
Sher  et  a!.  (1951) 
Wapstra  (1055) 
Mattauch  et  al.  (1956) 


TABLE  II 


Comparison  of  thresholds  from  mass  data  and  from  photoneutron  reactions 


Reaction 

Photoneutron 
threshold,  Mev. 

Mass  data 
threshold,  Mev. 

Difference, 

Mev. 

.\a“(7,  «).Va“ 

12. 47  ±0.05 

12.417±0.014 

—0.05  ±0.05 

.M”(y.  n).Al“ 

12.  OG  ±0.06 

I3,.«  ±0.06 

P’‘(t.  n)P” 

12.48±0.05 

'2  :;0  ±0.03 

-u.  00  ±0.06 

Co‘*(v,  «)Co“ 

10.44±0.05 

10.40  ±0.01 

-i-0.05±0 .05 

Pr‘<‘(7,  n)Pr“» 

9.46±0.05 

O 

c 

H 

o 

-0. 16±0.08 
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EH 


Reactioa 
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S" 


dE 
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Notes 


sal 


Bremss, 

28.9 

30.3 


Fi*.  Nuclear  absorption  cross  section  for  P. 
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Betatron 


REF.  NO. 

59  oc  1 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  RANGE 

G,2P 

RLI 

THR-100 

C THR-100 

ACT- 1 

il-PI 

G,N2P 

RLI 

THR-100 

C THR-100 

ACT -I 

4-PI 

REL  Td  G.N 


I 


Tablx  n.  Relative  integrated  cross  sections. 


Element 

(t.») 

Poeition 
of  the 
peak  for 
(t.») 

(y,2«) 

Position 
of  the 
peak  for 

(t.2«) 

C“ 

1 

23  Mev 

0.003 

42  Mev 

Nit 

1 

24Mev 

0.007* 

0« 

1 

22  Mev 

0.002 

40  Mev 

F» 

1 

20  Mev 

0.14 

32  Mev 

Na» 

1 

20  Mev 

O.OS 

32  Mev 

P« 

1 

20  Mev 

0.06  (y,2p) 
0.08  (r,2^) 

45  Mev  (y,2fi) 
50  Mev  (t.2^) 

* '^he  (r,"l  inteirated  cron  section  mj  taken  from  refereaoe  4. 


Fio.  1.  The  enerj^  dependence 
of  several  pbotonuciear  reactions. 
The  relative  yield  scales  of  dif* 
ferent  graphs  are  independent. 
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Reaction 
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Notes 


(7,7) 


Bremss. 

0. 5-2.2 


1.26 


5/2 


Mean  lifetime  t/g: 

= (5.4±1.5)10“^^  sec 

[resonance  scattering] 


where  g = (1+2I)/(1t2I^) . 
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REF.  NO. 

60  Ge  3 


N7B 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANCe 

TYPE  range 

G,N 

Njfe 

THR 

C THR 

ACT-I 

1+PI 

THRESHjifcD 


Table  L Summary  and  comparison  of  neutron  separation  energies  inferred  from  present  threshold  measuremenU  with  values  predicted 
from  mast  data  and  reaction  energies.  Alt  energies  are  expressed  in  the  center-of-masa  system  in  Mev. 


Kmclhm 

No.  runs 

I’rcscnt  a-sults 

Other  results 

Method 

Reference 

5 

^ 12J91:t0.026 

12.40  ±0.08 

LSA 

c 

12.591  ±0.030 

LSA 

a 

12.359±0.017 

reaction  cycle 

e 

12.321±0.009 

mass  data 

g 

12.50  ±0.05 

threshold 

7 

• J.  MattflucU,  L.  Waldmann.  R.  3leri.  and  F.  Everllnir.  Annual  RifUw  0/  SueUtr  ScUnu  (Annual  Review*,  Inc*  Palo  Alto,  1956),  Vol.  d,  p.  179. 
k U.  W.  Kavanngh  and  C.  A.  Qamea.  Phyt.  Rev.  112,  503  (1953). 

• A.  II.  Wapstra.  Phy«ica  21,  367  (1955). 

< T.  T.  Scolman.  K,  S.  Qulscnberry,  and  A.  O.  Nler,  Phyt,  Rev.  102,  1076  (1956). 

• P.  M.  Van  Patter  and  W.  Whaling.  Reva.  Modem  Phye.  26,  402  (1954);  29,  756  (1957). 
f See  reference  4. 

• C.  F.  Giese  and  J.  h.  Benson,  Phyt.  Rev.  110,  712  (1958), 
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Fio.  6.  Activation  curve  for  phosphorus  from  12.18  Mev  to 
12.66  Mev.  Change  in  slope  at  12.SS  Mev  is  attributed  to  a level 
in  the  (y^)  cross  section  at  12.59  Mev  of  width  about  80  kev. 
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Method 
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JBl 


Reaction 


E or  A E 


S" 


dE 


J 


Notes 


P^^(7,?)Na' 


2^ 


50-260 


Observed  threshold  60  MeV  indicates 
substantial  contribution  from 
emission  of  bound  nucleans, 

(Y, He^2pn).  Probably  some  (y, Bet). 

Refers  to  "quasi-neutron  mechanism." 


-■y  1 

CJO  cm* 


FIG.  1.  \ctive  yields  of  the  Al"  - Co**  - Mn**.  and 
P*‘  - Na"**  reactions  as  a function  of  the  peak  btemsstrahlung 
energy.  The  values  of  BxfE,)  ate  given  by  the  continuous 

curves,  of  8,CE,)- by  the  dashed  curves  [the  values  of  B,(E.)  4,  EffeCtiVC  CrOSS  SBCtiOIl  fof  the  P^‘  - Na^*  rfiartinn 
are  given  in  arbitrary  units!.  icox-tiwu. 
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Synchrotron;  proton-neutron  cross  section;  radioactivity 


REF.  NO. 

60  Wa  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G, 6p6n 

ABX 

O-2I+O 

C 2^0 

ACT- 1 

14-PI 

“2T  2 

a = (0.08±0.0i4-)  10  cm  /equivalent  quantum 
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METHOD 


6l  Bo  3 


EBF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

g,mu-t 

ABX 

11-20 

C 11-20 

ACT- 1 

Used  activity  to  measure  total  attenuation. 


Tabei.a  t 


Mtyia 

Limiar 

(Mev) 

Enrr/fia  tlo  BClalron 

Encrijia  Midia 

Rrn^oft 

Material 

vida 

(Mev) 

pji 

put 

(Mev) 

(Mov) 

(Mdv) 

pn 

Pr'« 

(IV) 

Cu-(7,  n)  Cu** 

Cobre 

10,1 

10,0 

11,4 

11,8 

11,0 

11,2 

(b) 

Fo“(7,  n)  Fo“ 

Forro 

9,0 

11,0 

— 

16,0 

14,0 

(c) 

0"(7,  n)  0" 

Acido 

borico 

a,i 

18,0 

17,0 

10,5 

10,0 

(<1) 

C"(t,  n)  C" 

Polie* 

tileno 

20,5 

1«,7 

20,3 

20,1 

19,6 

19,0 

Tabela  II  — pn 


Energia  em  Mev 

|i( cm  cm*/g) 

8 (cm  m bam») 

11,0 

0,0237  * 0,0003 

1220  15 

16,5 

0,0235  :t  0,0002 

1210  - 10 

19,5 

0,0250  * 0,0003 

1287  i 15 

Tabela  III  Pr’*’ 

Enerpia  cm 

Mev 

li(cw  cm‘/g) 

a(>-m  bnmji) 

11,2 

0,0435  * 0,0009 

10,19  i 0,21 

14,6 

0,0481  i 0,0008 

1],26  * 0,19 

16,6 

0,0505  S:  0,0008 

11,83^:0,19 

19,6 

0,0560  0,0005 
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Method 


Betatron;  activation;  Nal  for  annihilation  radium  from  P^^posi- 

trons. 


egf/jh 


E or  A E 


S’ 


d E 


J ^ 


Notes 


(Y,n) 


12- Ilf- 


"Breaks"  shown  in  Figure  1 are 
list  in  Table  1. 


Y thresh.'  12.33  ± O.Oh  MeV. 


Table  I.  The  cncrg>*  of  the  breaks  in  the  I“‘f7-™)P* 
compared  to  the  results  of  other  groups. 


Schull* 

Celler  rt  td.** 

Bromlov  ft  jJ.* 

±0,04  Mev 

±0.05  Mev 

±0.026  Mev 

±0.007  Mev-* 

12.23 

12.41* 

12.37 

12.33 

12.39 

12.+4 

12.49 

12.47 

12.58 

12.53 

12.53* 

12.56 

12.63 

12.M 

12.66* 

12.73 

12.76 

12.78 

12.75 

12.80* 

12.83 

12.‘X) 

12.98 

13.18 

13.18 

13.32 

13,38 

• merence  1. 

I r--h-r«‘nce  7. 

' rt-ierence  14. 

' Ke<uit.''  eTtracu*<i  irom  Brotnicy'd  graphs 

* Mfong  r?9unantrs. 


Ref  llf-  Bromley  et 


Phys.  Jl, 

Ref  2;  C1.G.  Schull 
cimento  k 
Ref  7:  Ghller  et  al,  Phys.  Rev. 


118.  1502  (i960) 


al.  Can.  J. 

155  (1959). 

Suppl.  Nuovo 

1162  (1956) 


P* 

Fij. /.  * yn 

('7,71) rgg^t/On 

p* 

Tabu  n.  Thre^olds  (in  Mev)  of  the  P**(-y,»)P*  and 
CP*(i',*)Cl**  reactions  compared  to  the  results  of  other  groups. 


References 

P“(t,«)P* 

Cl»»(7, »)€!*• 

Our  results* 

12.23  ±0.04 

12.66±0.04 

Schull'* 

12.33  ±0.05 

12.79±O.OS 

Chidley  «<  of.’ 

12.50  ±0.05 

Wapstra  (mass  data)** 

12.40  dbO.08 

I2.71±0.12 

Everiing  (mass  data)* 

12.316±0.02 

12.57:fcO.OA.  f 

* These  resuJts  are  siven  in  the  laboratory  system.  In  the  center-of- 
system  the  results  will  not  decrease  more  than  3 kev. 

>>  See  reference  2. 

' Can.  J.  Phys.  3«.  407  (1956). 

Physica  21.  367  (1955). 

■ Nuclear  Phys.  15.  342  (1960). 


Ref  2 


Schull,  Suppl.  Nuovo  cimento 


ij.  1162  fiqs6 
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Method 


2k-  MeV  betatron;  proton  spectrum;  angular  distribution;  nuclear 
emulsion;  r - chamber 


NVI 


01  2 9 4 5 8 7 S 9 10  II  12  >3  14  IS 

P«OTON  ENtBSY  (M#V) 

Fig.  5.  Energy  distributions  of  protons  from  P^i 
ir,  p for  three  directional  groups.  The  smoothed 
results  are  shown  by  the  points. 


Fij.  6.  Energy  distribution  of  total  observed  pro- 
tons and  calculated  distributions  by  the  statistical 
theory  from  P>‘. 

Full  line:  Observed  spectrum  smoothed  out  by 
the  method  of  Ferreira  and  V'aloshek. 
Broken  line:  Calculated  spectrum  using 
•23=C  exp  (2v  0.52  51  MeV-i 
Dotted  tine:  Calculated  spectrum  using 
-=C  exp  [2v'2.-l2  5|  MeV-‘. 

Each  curve  is  normalized  to  best  ht  to  experi- 
mental points. 


Table  II.  Angular  distributions  calculated 
by  least  squares  for  a-t-6  sin*  9. 


• (LAS  oieaifs) 

Fig.  7.  Angular  distributions  of  protons  from  P”. 
Full  lines  are  obtained  by  least  squares. 


Element 

Proton  energy 
fMeV) 

.Augular  distributions 

1.8-3. 3 

1 — (0.50±0.39i  sin*  9 

3.3-4. 7 

1 — (0.09±0.44)  sin*  9 

4. 7-6. 3 

l-f-t0.01i0.40)  sin*  9 

6.3— 7.7 

1 -r(0.06±0.49)  sin*  9 

larger  than  7.7 

1 -r  (0.48  ±0.73)  sin*  9 

Total 

1 —(0.05 ±0.20)  sin*  9 

2. 7-4. 5 

1 T (0.85  ±0.42)  sin*  9 

4.5— 6.0 

1±(0.3S±0.34)  sin*  9 

P3l 

6.0— 3.5 

1 ±(1.31  ±0.59)  sin*  9 

larger  than  8.5 

(-0.08±0.1S)-sin*  9 

Total  j 

1±(1.10±0.27)  sin*  9 
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Fig.  1.  Cross  section  for  P”(r.  n)  reaction,  in 
which  solid  line  was  deduced  from  yield  curve 
smoothing  method  and  dotted  line  was  deduced 
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Fig.  1.  The  energy  spectrtun  of  photoprotons 
from  P”  irradiated  by  19  Mev  bremss  trahlung. 
The  solid  line  is  a smoothed  curve.  The 
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density. 
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Fig.  8.  Le  facteur  de  forme  experimental  du  pic  a 4.20±0.06  MeV.  La  courbe  tracie  reprisente 
I’expression  F,  raultipliec  par  le  facteur  de  normalisation  = 0.68  • 10-*. 
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Fig.  9.  Le  facteur  de  fort^e  experimental  du  pic  k 4.56±0.15  MeV.  La  courbe  trace*  represent* 
I'expression  F»  = multiplies  par  le  facteur  de  normalisation  = 5.47  ■ 10~*. 


Fig.  10.  Le  facteur  de  forme  experimental  du  pic  i 5i0.15  MeV.  Les  courbes  tracies  reprisentent 
us«  expressions  F,  et  F*  multipli6es  par  leurs  facteurs  de  normalisation  respectifs  = 0.92  • 10~* 

et  jS,  = 6.1  • 10->. 
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Fig.  12.  Le  facteur  de  forme  expoimental  du  pic  a 6.55ii;0.15  MeV.  La  courbe  tracie  reprisente 
I’expression  F,  multipliee  par  le  facteur  de  normalisation  = 1.8  • 10~*. 
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Fig.  2.  Single  gamma-ray  spectrum  at  the  resonance  = 1660  keV.  The  background 
measured  just  below  the  resonance,  is  subtracted.  The  spectrum  is  analysed  using  the 
"peeling"  procedure.  The  level  scheme  can  also  be  used  as  a guide  in  reading  the 
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j 14-14.8 

2.4=0.7 

17.0 

1 

1 

j 14.8-16.2 

cc>» 

17.0 

1 

( 16.2-17.1 

CO»l 

17.0 

1 

( 19.2-20.1 

o 

II 

o 

D 

! 

1 20.1-21.3 

0.4±0.2 

D 

0 

17.1-20.5 

1.5=0. 2- 

20.5 

.oca  1 2.8 

17.4-19.9 

2.6+0.3 

20.5 

1 ^-0 

1 17.2-18.7 

0.05x0.09 

20,5 

i 18.7-20.5 

0.6x0. 1 

1 J 
O 

a)  The  numerical  number  indicates  the  maximum  energy  of  the  bremsstrahlung  irradiated  for  the  data. 
D shows  the  difference  between  the  two  distributions.  ij>,  ro)  shows  the  inverse  reaction  dam. 

b)  The  notation  oo  indicates  that  the  distribution  is  almost  sin»^,  i.e.,  the  result  has  stronger  maximum 
than  l + lOsin^^. 


Table  II.  Anisotropic  factor  BlA  of  angular  distributions  determined  by  least-squares  fits  with 
A^B  sin=  d. 


“P 


= 19.0  .MeV) 

(£V„,«:«=24.0MeV)w 

(Curve  D in  Fig.  2) 

ff,(.MeV) 

i B',A 

£;2McV) 

BlA 

£,(MeV) 

BjA 

3.9-5.5 

i 0.6x0. 1 

3.0-4. 6 

0.9x0. 4 

3.0-5. 7 

0.5x0. 6 

5.5-7.9 

1.3=0. 3 

4.6-6.0 

0.4x0.3 

5.7-8. 1 

1.3x1. 3 

7.9^ 

I 00*1 

6.0-8. 2 

1.3x0. 6 

8.1-11.3 

00*1 

3.9^ 

1 1.7x0. 2 

8.2^ 

00“* 

1 

I 

3.0/ 

1.1±0.3 

Fig.  2.  Energy  distributions  of  photoprotons  from  , 
’‘P  irradiated  with  19.0  .MeV  bremsstrahlung.  The  . 
early  data  on  24.0  .MeV  bremsstrahlung^  is  also  , 
shown.  See  also  the  caption  of  Fig.  1 for  curx-es  , 
D.  a and  b.  Here  a and  b correspond  to  the  ground 
and  7.0  .MeV  state  of  residual  nucleus  respcaively. 


“*K.  Shoda  ^ aJL.:  J,  Phys, 

a)  The  notation  oo  indicates  that  the  distribution  is  almost  sin2 5.  It  is  used  when  the  result  has  stronger  Japan  (l96l)  1807. 

maximum  than  that  of  1 -r  10  sin*  6.  ^ 

b)  The  dau  are  used  from  ref.  4). 
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FIG.  3.  Dependence  of  P on  number  of 
cleors  which  have  left  the  nucleus. 


nu- 


999  = 1.2  GEV 


Table  I 


Re«ctioa 

Kucleont 

emiued 

Thre«l»* 

oWV 

UcV 

Torstc 

Oistnbutio*  «d 
uotopev  % 

Al"  — N*« 

Zp,  n 

A. 

.Si"  - 

^P*  A 

•Si 

02.27 

- N»« 

Ap, 

r.o 

P 

'tp, 

7H 

s 

O.I.i'Z 

01“  — N.“ 

(>p,  fiA 

tili 

Nil, Cl 
K/:», 

v>,\ 

K*  No** 

Hp,  7a 

IV) 

c»"—  N«“ 

9f. 

MS 

c»o 

90.97 

*The  threshold  wu  caJcuUud  u the  binding 
energy  of  the  emitted  nucteons. 


Table  n.  Cross  sections  for 
reactions  in  the  saturation 


region 


Reactioa 

10—™'; 

Reaction 

9^.  2 
Kr-»cm 

Al"  — 

IR5..iil 

CI“-Ns“ 

63-^7 

Si"  — 

72-H  1 

K»— N»“ 

35-t-5 

P®  -»  Nd'* 

71^8  i 

C»'«— Na" 

22 -*-5 

52±6  1 

According  to  the  photomesonic  mechanism,  the  cross 
section  for  the  reaction  can  be  written  in  the  form 


<j  = orAP.  (1) 

Here  Oo  is  the  total  cross  section  for  interaction  of 
the  photon  with  a free  nucleon  with  inclusion  of  the 
■ nucleon  motion  in  the  nucleus  (<7o,  as  has  been  shown  by 
' Roos  and  Peterson, depends  only  weakly  on  photon 
energy  for  'Ey  > 300  MeV);  A is  the.  number  of  nucleons 
in  the  nucleus,  and  P is  the  probability  that  the  reaction 
will  proceed  by  a given  c.hannel. 


FIG.  1 . Crosj  section  per  equ 

photon  as  a function  of  maxintuin  brem^ 
stiahiun*  energy.  Points:  O - Al,  O - Si. 

A - P,  A - S.  Q - a,  a - K,  0 - Ca. 
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The  width  of  the  level  was  determined  by  comparing  the 
scattering  with  that  by  the  ^^P  and  ®Li  3.56  MeV  levels. 


3 = 3.51  MEV 


Fio.  5.  Plot  of  the  angular  distribution  coeflicient 

sequence  i-J-J.  The  .4,  term  is  identicall“  ero  for  this 
expenmental  limits  for  the  C“  and  P«  distributions 
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0 

3 

7 

3.295 

10.476 

3.0 

2 

5 

3 

3.297 

10.478 

i 

2.9 

4 

3 

3 

3.313 

10.494 

0.8 

1 

3 

6 

3.349 

10.530 

i 

16 

5 

3 

2 

3.377 

10.555 

1.5 

3 

4 

3 

3.422 

10.599 

i* 

9.1 

1 

3 

6 

3.435 

10.612 

5.0 

1 

4 

5 

3.445 

10.620 

3.0 

1 

3 

6 

3.461 

10.636 

3.0 

2 

4 

4 

3.466 

10.641 

in 

6.0 

1 

6 

3 

3.476 

10.651 

i* 

24 

2 

4 

4 

3.489 

10.664 

i 

3.3 

1 

4 

5 

3.516 

10.689 

i 

11 

3 

5 

2 

3.521 

10.695 

i* 

2.9 

3 

5 

3.524 

10.697 

i* 

3.2 

3 

4 

3 

3.535 

10.708 

0.8 

1 

5 

4 

3.578 

10.750 

1.3 

0 

4 

6 

3.594 

10.765 

i 

26 

3 

4 

3 

3.613 

10.784 

0.8 

0 

0 

10 

3.622 

10.792 

i . 

1.8 

3 

3 

4 

3.640 

10.810 

2.7 

4 

4 

T 

3.656 

10.825 

i* 

1.5 

2 

4 

4 

3.669  ») 

10.837 

7.0 

1 

4 

5 

3.680 

10.849 

2.1 

0 

4 

6 

3.706 

10.874 

2.4 

1 

4 

5 

3.732  •) 

10.898 

2.0 

1 

4 

5 

3.762  *) 

10.928 

2.5 

3 

3 

4 

3.774 

10.939 

i* 

10 

4 

3 

3 

3.807 

10.971 

1.2 

2 

2 

6 

3.905 

11.066 

i* 

4.5 

4 

3 

3 

3.911 

11.072 

0.9 

3 

3 

4 

3.951 

11.111 

0.7 

2 

3 

5 

3.967 

11.126 

i* 

1.4 

2 

4 

4 

3.985 

11.143 

0.2 

-» 

1 

7 

4.006 

11.164 

i* 

2.3 

4 
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Fig.  3.  The  least  structure  cross-section  solutions  for  the  2p)^’Al  and  ■’‘PCy,  2pn)**Al  reac- 
tions. The  flags  on  the  points  represent  the  estimated  cross-section  errors.  The  arrows  on  the  energy 
axis  indicate  mass  threshold  energies  for  the  (-/.  2p).  (y.  >He),  (y,  dp)  and  (y.  2pn)  reactions  from  left 

to  right. 


‘P">  « phosphoRis  ate  shown.  The 

fror  bars  indicate  the  standard  deviations  for  the  yield  points.  The  smooth  curves  represent  the 
polynomials  fit  to  the  yield  points  by  the  least  structure  procedure  ’). 
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F,S,  Gouldingj  D,A,  Landis,  J,  Cerny 
and  R,J.  Pehl,  Nucl,  Instr«31  (1964)1. 


Ahitnct:  Breimstrahlung  activation  curves  were  measured  for  the  reactions  *'P(y,  2p)**Al  and 
*‘P(y,  2pn)^*AI  in  0.5  .MeV  steps  from  23.0  to  62.0  MeV.  The  cross  sections  obtained  from  these 

curves  show  peaks  at  32.6  ±0.7  .MeV,  4 1.2  ±0.3  MeV  and  5 1.0  ±1.5  .MeV  for  both  reactions.  The . 

_ cross  section  integrated  to  62  MeV  for  the  (y,  2p)  reaction  is  5.6±0.6  MeV'  • mb  and  for  the 
O'.  2pn)  reaction  is  7.6±0.8  MeV  • mb.  S>3 
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£L£M.  SVM.  A 


31 


15 


method 


REF.  NO. 

70  Sh  2 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,G 

LET 

6 

c 14 

SCD-D 

6 6.381  MEV 


Table  1 

Comparison  between  experimental  log/(  values  and  radiative  widths:  Fth  represents  the  width  estimated  only  from 
the  spin  part  with  eq.  (1);  R denotes  the  ratio  of  the  reduced  matrix  element  of  the  spin  part  to  that  of  the  orbital 

part. 


E,  (keV) 

Ey(keV) 

log  Ji 

Tth  (eV) 

T" obs  (eV) 

R 

23Na 

7895 

\2»  2 > 

0 

(hf) 

5.3 

0.21 

1.02  ± 0.37 

5.5  ± 1.2 

7895 

(j.j*) 

439 

(i.f) 

5.4 

0.14 

0.57  ± 0.21 

4.8  ± 1.1 

31p 

6381 

(ii" 

0 

(t. 

5a5 

0.07 

« 0.11 

« 1.2 

a)  In  the  estimate  of  Fobst  the  branching  ratio  Fq/F  for  23Na  and  31p  were  assumed  to  be  0.64  and  0.18,  respectively. 
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Fig.  2.  Absolute  yields  for  the  reactions  ’®Si(j',  p)*’Al  and  n)’®P.  Solid  lines  same  as  for  fig.  1. 
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Fig.  4.  The  yield  curvci  for  the  reactions  **Si-**^a,  **P— ► 
“Na,  and  ••S-.**Na. 

O:  "Si-*»*Na,  3;  "P— »*Na,  “S— «Na 


Fig.  5.  The  yield  curves  for  the  reactions 
*'P(y,3p)**Mg,  and  ’*S(y,4p)**Mg. 
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Fig.  11.  The  excitation  function  for  the  reaclion  *'P(y,3p)- 
“Mg. 


Fig.  13.  Yield  ratios  versus  maximum  bremsstrahlung  energy. 
f>:  y(’»Si(y,2p)  »*Mg)/y(«Si-»'Na) 

O:  JT'P(y,3p)  »Mg)/y(’<P-.»'N.a) 

• ; }'(”S(y,‘lp)  “Mg)/y("S-.»'Na) 
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Fig.  3.  The  moss  attenuatioja  coefficient  for  the  photonuclear  reaction  n)-'^P  is  given 
as  a function  of  photon  energy. 
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P 


31 


15 


REF.  NO. 


72  Sh  2 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYP* *  RANGE 

TYPE  range 

G,G/ 

SPG 

0-14 

C 14 

SCD-D 

87 

Tabu  4 


Gamma-rays  resulting  from  the  photon  bombard.ment  of  a red  phosphorus  target 


Ey 

Observed 

Relative 

Transition 

(MeV) 

peak 

intensity 

3.13 

F 

9 46 

3.13  -*0 

5.26 

D.  S,  F 

22.0-1.7 

3.26  — 0 

3.36 

D,  (S).  F 

8.1  ±1.4 

3.36  — 0 

3.87 

D 

4.2±1.2 

7.14—  1.27 

6.91 

D,  S 

3.0±0.8 

6.91  —0 

6.94 

D,  (S) 

3.2  =0.7 

8.21  — 1.27 

7.14 

D,  S,  F 

21.8=0.9 

7.14  — 0 

7.21 

D,  (S) 

3.4±0.8 

7.21  —0 

i.n 

D,  S,  F 

17.0±0.8 

7.32  — 0 

7.46 

(D) 

1.9  =0.9 

8.73  - 1.27 

7.83 

D,  S,  (H 

6.7  =0.6 

7.83  — 0 

7.90 

D.  S 

3.6±0.7 

7.90-0 

8.21 

D,  (S) 

8.3  ±0.7 

8.21  -0 

8.73 

D.  S,  F 

I3.6±0.8 

8.73  — 0 

9.37 

D,  (S) 

4.9  = l.3 

9.37  — 0 

Table  8 

Excitation  energies  and  ground  state  transition  widths  obtained  from  the  reaction 

Excitation  energy  (keV)  (2>-f-l)/;o  (eV)  ^ 


present  previous  present  previous 

work  work  work  work 


! 3133±3 

1 3233  ±4 

3134. 

3 ±0.4 

r 

1.0 

0.06  ±0.04 

0.104-0.02  ') 

5253 

±2 

') 

') 

1.0 

0.68  ±0.10 

5359±4 

5557 

±2 

') 

r 

') 

0.82 

') 

0.37^-0.08 

1 6909  ±7 

6908 

±3 

■=) 

4- 

') 

1.0 

0.43  4-0.09 

! 7140±4 

7139 

±3 

') 

, r = 

} “) 

0.84-L0.04 

3.2  4-0.4 

•) 

7214±5 

7206 

±6 

') 

(h 

I.O 

0.57-^0.11 

7316±4 

7314 

±9 

'■) 

1.0 

2.2  -L0.3 

') 

I 7850±4 

7847 

±9 

“) 

1.0 

I.05-F0.17 

■) 

7896±6 

7898 

') 

i 

') 

0.93 

“) 

3.2  -^0.7 

J) 

j 8209  ±4 

8209 

') 

r 

0.54±0.08 

3.7  -^0.8 

5.6  ±0.4  ") 

' 8728-L4 

( 

18730 

18731 

') 

') 

4 

0.88=0.05 

7.2  ±1.1 

0 

1 9365  ±7 

! 

9569 

“) 

1.0 

4.0  ±1.2 

0 

I •)  The  branchings  are  obtained  from  the  relative  intensities  observed  at  the  scattenng  angle  of 

I 87’.  The  effect  of  the  angular  distribution  of  the  y-rays  is  not  taken  into  account, 
j The  error  for  (2/-rl)/’^o  only  includes  the  statistical  error.  An  estimate  of  the  uncertainty 

I associated  with  the  shape  of  the  incident  bremsstrahlung  is  not  included. 

1 ')  Ref. 

’)  Ref.  »). 
j •)  Ref  ’»). 

I ')  Ref 

*)  The  value  of  (Z/-H)/’yo  has  been  estimated  by  combining  the  value  of  r.,o  from  ref  and  the 
branching  from  the  present  work;  this  value  has  been  used  for  normalization. 

• “)  Ref  “). 

')  The  value  given  is  not  (2y-|-i)/’.j,o  but  the  (2/4-1  )r,or.j,/r  value. 

The  vaiueof  (2/+lxr.,i’g,/r’ from  ref. ’)  has  been  used  toestimate  the  valueof  (2/4l')/lo.  (over) 

‘)  Ref  ^*).  

')  This  branching  is  not  FyolFy  but  Fyo/F  from  ref 
")  Ref  *).  The  energy  is  corrected  for  the  C-value  given  in  ref  ”). 
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REF. 


EL  EM.  SYM.  A Z 


METHOD 


P 


31 


15 


REF.  NO. 


72  Th  5 


hmg 


EXCITATION 

SOURCE 

DETECTOR 

ANGLE 

REACTION 

RESULT 

ENERGY 

TYPE 

range 

TYPE  range 

G,PG 

ABI 

7-  22 

C 

19,  22 

SCD-D 

150 

G,NG 

ABI 

12-  22 

C 

19,  22 

SCB-D 

150 

6,AG 

abi 

10-  22 

G 

19,  22 

SCB-D 

150 

GAMMA  DST 


Table  3.  Yields  of  gamma  rays  from  the  reaction  ^'P(y,X7'),  £g  = 30  MeV;  9 = 150° 


Estimate  of 

Residual 

State 

Known 

Relative* 

nucleus 

(MeV) 

J' 

T 

V decay 

yield 

(MeV  mb/sr) 

30p 

0.678 

0* 

1 

GS 





0.709 

1* 

0 

GS 

0.60 

3.1  ±0.8 

1.455 

2* 

0 

GS 

0.19 

1.0±0.2 

35%  (GS) 

- 1 

1.976 

3* 

0 

50%  (0.710) 

0.19  >■ 

2.0±0.4' 

15%  (1.455) 

N.O.‘J 

3.018 

(I) 

10%  (GS) 
90%  (0.678) 

N. O.  \ 

O. 09  ) 

0.5±0.17 

10%  (GS) 

N.O.  ) 

4.181 

2* 

1 

60%  (0.678) 

0.02  > 

0.15±0.07 

30%  (0.710) 

0.01  J 

5.412 

0.06 

0.3±0.08 

"Si 

2.233 

2* 

1 

GS 

1.00 

5.2±0.2 

3.507 

2* 

1 

45%  (GS) 
55%  (2.233) 

0.06) 
0.07  / 

0.8±0.2 

3.767 

!♦ 

40%  (GS) 
60%  (2.233) 

0.13) 

o.os; 

1.1  ±0.3 

3.786 

0* 

1 

GS 

0.07 

0.4±0.1 

6.730 

r 

80%  (GS) 
20%  (2.233) 

0.03) 

N.O./ 

0.2±0.5 

8.930 

0.03 

0.2±0.5 

8.950 

*’AI 

0.843 

i[2* 

1/2 

GS 

0.28 

1.5±0.5 

1.013 

3/2° 

1/2 

GS 

1.25 

6.5±0.6 

'Nomaalued  to  yield  of  the  2.233  MeV  first  excited  state  of  **Si. 
*N.O. — not  obeerved. 

'GS  decay  obecured  by  Compioa  edge  of  2.233  MeV  ‘‘IL 
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Fig.  4 Partial  photoneutron  cross  sections 
a(Y,n),  a(Y,pn)  and  a(Y,2n)  of 


Fig,  6 Comparison  of  ■'^P  and  photoneu— 
tron  cross  sections  with  ^^?(p,Y 
measured  by  Dearnaley.^  ° 

® G.  Dearnaley  et  al.,  Nucl.  Phys . 6^,  177 
(1965) 


Fig.  13  Integrated  photoneutron  cross-sec- 
tions for  s-d  shell  nuclei. 
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-Figure  1:  differential  cross 

section  at  90°  as  a i\mction  of  excitation 
energy. 


PHOTON  ENERGY  (M£V) 

Fig-are  3:  ^^F(Y,n)  total  differential 

cross  section  at  90"  as  a function  of 
excitation  energy.  Dashed  cur'"e  fro.Ti 
total  ’^?(Y,n)  cross  section  by  Mutsuro 
ez  al.^  assur.in.g  isotropic  distribution. 


Figure  2;  partial  differential 

cross  sections  at  90°  as  a function  of 
excitation  energy. 
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Fig.  7.  Mean  cross  sections  for  production  as  a function  of  target  itam  number. 
Present  work  filled  circles.  Noga  et  ai.  [3]  open  triangles,  Kumbartzld  et  td.  [13]  cross 
and  Korteling  er  a/.  [1]  400  MeV  protons  open  circles,  lire  solid  line  gives  the  mean 
cross  sections  calculated  by  Jonsson  et  a!.  [17] 


999=1  GE7 


Fig.  3 


Fig.  3.  The  determined  yields  for  the  reactions  -»  ^'*Na  (filled  circies),  —S  — 
(open  circles)  and  ^’•^'^Cl— •■^Na  (filled  triangles) 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  PANOE 

TYPE  PANOB 

E.P 

ABX 

14-  26 

D 16-  26 

MAG-D 

90 

Table  I.  The  integ.-ated  differential  cross  sections  (mb  MeV/sr)  at  90*. 


f da(r.Pa)^c 
J dfl 

R 

«P 

1.93±0.21<> 
25.68-13.82  MeV« 

0.69±0.48»i 
25.98-15.75  MeV** 

27.87K' 
0-32  MeV** 

0.07  , 

“S 

4 70 

1.6- 19  MeV** 

20.71*1 
0-23  MeV** 

0.23 

• Deduced  from  the  total  cross  section  assuming  an  isotropic  angular  distributions. 
•*  Energy  region. 

a)  Present  data. 

b)  ref.  17. 

c)  Calculated  from  the  data  of  ref.  22  using  a detailed  balance  theorem. 

d)  ref.  6. 


6)  K.  Shoda,  K.  Abe,  T.  Ishlzuka,  N.  Kawamura, 

M.  Oyamada,  Balk-N-Sung,  J.  Phya.  Soc.  Japan 
15  (1968)  664. 

17)  B.  S.  lahkhanov,  L.M.  Kaitonov,  D.G.  Shevchenko 
and  B.A.  Yur'av,  Phys.  Letters  £ (1964)  162. 
22)  G.  Dearnaly,  D.  S.  Gemmel,  B.W.  Hooton  and 
G.A.  Jones;  Nuclear  Phys.  (1965)  177. 


800 
700 
700 
7C0I 


s coo 
S I 

S 60= 

o iool 

J 5Co[ 

J «ool 
3 <00 1 


14  16  Id,  V 


. .n  • "L  '4  16  18/ 


200 
200 
too 
100 


S 300 
300 

200 
( . 


* ^ V- 


. * !4  15  18,0,5 

f\  y.  ( .y 


V.  "k  :i6  ,eA>^ 
— — ■ — . / 

.,  14  16  18/  a. 

v> 


12  14  16  18/ 


V-x  10  12  14  IS  IS 

t 

..  1 6“  *1 2“Tr^J  6~* I's  ^ 


K 


10  12  14  10  18' '"j 


B 10  12  14  16  IS.' 


6 8 10  12  14  16  IS 

8W3TOR  CNC8CT  IM4VI 


EXCITATION  (M«V) 

Fig.  5.  The  differential  cross  section  for  *‘P{r.  po)*®Si 
reaction  at  90*. 


Fig.  .V  T lie  pmion  energy  .spccir.1  for  *'P(c.  c 
reaction. 

USCOMM'.OC  28010-PS4 


PHOTONUCLEAR  DATA  SHEET  51  9 


IS 

2 

O 


u 


Fig.  4.  The  comparison  of  the  proton  energy  spectra 
between  *‘P(e,  e’p)wSi  and  “PCt,  p)*“Si  reactions. 
The  spectrum  of  “PCe.  e»**Si  was  obtained  with 
the  electron  beam  with  22  MeV  and  that  of  «P(r, 
p)^Si  was  obtained  with  the  breirastrahlung  of  the 
end  point  energies  of  which  was  21.3  MeV. 


Fig.  6.  The  differential  cross  section  for  *‘?(r.Pi)*’SL 
reaction  at  90*. 


L.  Zalcman,  J.  B.M.  Thomson  and  M.  M.  Thompson 
PICNS-73,  Vol.I,  p.169  Asllomar 
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DE-EXCIT  G-RAYS 


1 Level 

1 (y«v) 
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ref.  6. 
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Fig  1 Tlie  result  of  various  analysis  procedures  for  ihe-''P(y..v»i  cross  section,  as  explained  in  text;  (a) \BPL  method,  (bl  CLSM  procedure,  bubeauof  stanoabds 

(c)  VBPL  including  decorrelation;  (d)  and  {el  VBPL  and  CLSM  after  smoothing  of  the  individual  yield  points  I 
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^Ishkhanov,  B.S.  al . , Bull.  Acad.  Sci.  USSSR  1594  (1969). 

2 

Bergere,  R.  ^ » Proc.  Int.  Conf.  Photonuclear  Reactions  & Applications  (Asilomar 

1973).  Ed.  B.  Berman  (1973),  Vol.  _1,  p.525. 

^Mutsuro,  N.  etc  , J.  Phys.  Soc.  Japan  17,  1673  (1962). 

^^Gellie,  R.W.  et  al.,  Proc.  Int.  Conf.  Photonuclear  Reactions  & Applications  (Asilomar 
1973).  Ed.  B.  Berman  (1973),  Vol.  1,  p.l71. 

^^Wong,  S.S.M.  et  , Phys.  Lett.  48B,  403  (1974). 


Abstract.  The  .v/;)  cross  section  was  measured  from  threshold  up  to  25  MeV,  using 

the  brems^trahlung  photon  beam  from  the  35  MeV  linac.  Several  analysis  procedures  were 
used  to  compute  the  photoneutron  cross  section  from  the  experimental  yield  curve.  Our 
results  are  compared  with  other  bremsstrahlung  measuremients  and  with  the  quasimono- 
energetic  photon  work  by  the  Saclay  group.  The  leading  edge  of  the  giant  resonance  shows 
an  extremely  rich  fine  structure  which  seems  to  be  characteristic  for  nuclei  in  the  Id  — 2s 
shell. 


Fig.  Z Comparison  of  the  present  cross  section  results  (c)  with 
the  data  obtained  by  (a)  Ishkhanov  eiul.  [1]  using  bremsstrahlung. 
and  (b)  those  measured  by  Bergere  ei  al.  [2]  using  a quasi-mono- 
energetic  gamma-ray  beam.  At  the  bottom  (d)  we  have  plotted 
the  total  gamma  absorption  cross  section  for  as  calculated 
by  Wong  al.  [14] 


Table  2.  Integrated  Ply.  x n)  cross  section 


Experiment 

Integration  limit 
(.MeV) 

\aJE 
(.MeV.  mb) 

Mutsuro  et  al.  [9]  (1962) 

22.5 

120±10 

Ishkhanov  et  al.  [1]  (1969) 

22.5 

107+10 

Bergere  et  al.  [2]  (1973) 

22.5 

96±10* 

GcIHeef  u/.  [12]  (1973) 

22.0 

120+10 

Present  experiment 

22.5 

I20±  6 

' Determined  from  the  figure  in  Ref.  2. 
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BF3-I 

4PI 
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D 24-  29 
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4PI 
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D 19-  29 
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4PI 
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Fig.  7.  Partial  photoneutron  cross  sections  [trCy,  n)  + cT(j/,  pn)]  a(y,  pn)  and  a(y,  2n)  of  ^'P. 


Fig.  22.  Ratio  of  c.xperitncntal  integrated  photoncutron  cross  section  rra"  over  the  Tltomas,  Rciche 
and  Kuhn  sum  rule  [0.06  NZ!A],  Numerical  values  and  upper  integration  limits  £m  are  taken  from 

table  3.  Also  Jco"  = ±7%  for  all  nuclei.  (over) 
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Fig.  24.  The  [ffo"/(0*06  NZfA )]  ratio  ns  a function  of  isospiu  T,  Possible  overall  errors  of  i 7".,  a;- 
to  be  applied  to  all  nuclei  shown. 


Table  3 

Experimental  integrated  photoneuiron  cross  sections  <r"  = ^^^cr^^(£)d£  compared  with  the 
classical  sum  rule  [0.06  iVZlA]  of  Thomas,  Reich  and  Kuhn 


1 

o 

II 

1 

r = i 

ir=iij 

r = 2| 

r=  j 

Nucleus 

‘<^o 

2 0Ne 

^“Si 

”S 

■‘°Ca 

I5C 

“Na 

-■'Al 

31p 

"’K 

1 -Se  1 

■“>Ar  ! 

siV 

Co'' 

58 

42 

94 

98 

100 

108 

137 

158 

182 

210 

1 333 

393 

602 

(MeV  • mb) 

1 — 

±3 

±7 

±7 

±7 

=9 

±10 

±13 

±14 

±25 

1 ±23  i 

i ±^^2 

ffo"/(0.06,VZM)| 

0.24 

0.14 

0.22 

0.21 

0.17  j 

0.38 

0.40 

0.39 

0.39 

0.36 

} 0.57 

j 0.66 

0.3 

1 

£m (MeV)  1 

30 

26.7 

30 

30 

29.5  1 

29 

30 

30 

29 

30 

i 28.1  1 

26.7  i 

28 

E.  0.  De  Neijs,  G.  D-  Haasbroek,  M.  A.  Meyer,  R.  S.  Rossouw, 
D.  Reitmarm 

Nucl.  Phys.  A254 , 45  (1975) 
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TYPE  range 

P,G 
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9-  10 

D 1-3 

SCD-D 

55 

30  RESONANCES 


Data  on  strengths  and  branching  ratios  for  65  resonances  tabulated. 
Excitation  energy  7.78-9.72  MeV. 
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Table  3.  Cnns-5ection  per  equivalent  quantuo  (7Q(>ib)  of 
photoproduction  of  “Na 


Brcfflsstiahlung  oiaximum  enerjy  £«  (GeV) 
Target  


nucleus 

0-30 

0-40 

0-55 

0-75 

100 

”A1 

490  s20 

560  £20 

667  £20 

690  £20 

745  £20 

-Si 

290±20 

330  £20 

380  £20 

430  £20 

470  £20 

i.p 

230i20 

250  £20 

290  £20 

330  £20 

350  £20 

”S 

206il0 

240  £ 10 

280  £10 

320  £10 

330  £10 

230^10 

260  £10 

290£l0 

320  £10 

330  £10 

-K 

30±3 

50£5 

65r5 

80£5 

100£3 

*Ca 

5±2 

20£3 

45£5 

60£5 

60£5 

Table  4. 

Cross-section  per  equivalent 

quantum 

(Toilib)  of 

photoproduction  of  “Na 

DI 

Bremsstrahlung  maximum  energy  £«  (GeV) 

nucleus 

0-30 

0-40 

0-55 

0-75 

100 

”A1* 

370  s 10 

440£I0 

500  £20 

550  £20 

660  £20 

-Si 

100  £10 

140  £ 10 

160  £ 10 

2I0£l0 

240  £10 

”P 

100  £20 

160  £20 

200£20 

270  £20 

310£20 

”S 

120  £ 10 

160£10 

180£l0 

210  £10 

240  £10 

”-”a 

65  £10 

100  £10 

140  £ 10 

190  £10 

220£l0 

-K 

20£5 

35  £5 

55  £5 

65£5 

80  £3 

"Ca 

12£3 

2J£5 

35  £5 

50£3 

60£5 

•The  results  for  ”A1  have  already  been  published  (see[8D  and 
are  reported  for  comparison. 


Table  3.  Mean  absolute  cross-section  mi  Oab) 
in  the  energy  rangeO-3-1  CeV 


Target 

nucleus 

Produced  radionuclide 

■•F 

-Na 

-Na 

”Na 

"Al* 

190  £30 
120  £10 

200  £20 

220  £20 

“Si 

100£10 

150  £20 

120£10 

•ip 

100  £ 10 

100  £20 

180  £20 

“S 

110£l0 

120£l0 

100£l0 

-•"q 

133  £20 

100£l0 

130£l0 

"K 

43£3 

60£5 

30£5 

*Ca 

46£5 

60£3 

40*5 

•The  results  for  the  photoproduction  of  '*F 
and  ’•Na  from  ”A1  have  already  been 
published  (Ref.  [3]  and  [8],  respectivdy). 
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G,F18 

ABY 

THR-999 

c 

300-999 

ACT-I 

4PI 

G.NA22 

ABY 

THR-999 

c 

300-999 

ACT- 1 

4PI 

G.NA24 

ABY 

THR-999 

c 

300-999 

ACT-I 

4PI 

999  = 1 GEV 


iO  J5 

Target  mass  aumoer 

Fig.  2.  Mean  absolute  cross  section  of  "F  pholoprodaction  vs  the 
target  mass  number.  Open  triangle:  energy  range  01 5-0- '2  GeV, 
Ref.  (18).  Filled  circle:  energy  range  0-.1-I  GeV.  Ref.  [?).  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Target  mass  nuraCir 


r 


10 1 

25  30  25  40 


Ta'ge*  moss  number 

Fig.  3.  Mean  absolute  cross  section  of  ^’Na  photoproduction  vs 
the  target  mass  number.  The  curve  has  been  calculated  by  means 
of  E<vaM). 
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Fig.  4.  Mesm  absolute  cross  section  of  ^Na  photoproduciion  vs 
the  target  mass  number.  Filled  circles:  energy  range  01-1  GeV. 
Ref.  (20).  Reversed  open  tnangle:  energy  range  0-3-1  GeV,  Ref. 
[8],  Open  triangles:  energy  range  0-25-1  GeV.  Ref.  [19].  Open 
circles:  present  work.  Tne  curve  has  been  calculated  by  means  of 
Eqn(l). 


Table  2.  Cross-section  per  equivalent  quannia  o-ijlub)  of 
photoproducrionof  “F 


Bremsstra-hlung  maximum  energy  £,iCeV) 
Target  


nucleus 

0-30 

0-40 

0-55 

0-75 

1-00 

"Na 

590  i 30 

640  = 30 

720  = 30 

780  = 30 

830  = 30 

*’A1* 

115  = 7 

172  = 6 

202  = 6 

2^5  = 5 

270  = 5 

“Si 

80  = 10 

110  = 10 

145  = 10 

1*0=10 

200=  10 

”P 

60=10 

90=10 

130=10 

150=10 

180  = 10 

”S 

55  = 10 

90=  1C 

125=10 

160=10 

190=10 

”-”ci 

185  = 20 

230  = 20 

270  = 20 

310  = 20 

350  = 20 

”K 

35  = 5 

50  = 5 

65  = 5 

75  = 5 

90  = 5 

“Ca 

3 

20=3 

35=5 

45=5 

50  = 5 

•The  results  tor  ^A1  have  already  been  published  (see [3])  and 
are  reported  for  comparison. 
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Table  1 

Fitted  parameters 


State 

Cir  (fm) 

f„  (fm) 

.B(E2.  a>)|(s.p.u.)  “I 

r*// 

1.27  MeV 

2.2  ±0.7 

2.9  ±0.4 

6.0  ±0.9 

0.49 

4*  2.23  MeV 

3.6  ±0.8  •) 

1.5  ±1.2 

6.3  ±0.5 

0.98 

3.33  ±0.02  •*) 

1.96±0.07 

6.3±0.5 

Z37 

3.31  ±0.02  ') 

2.03  ±0.05 

6.9  ±0.3 

Z24 

i*  3.51  MeV 

3.7  ±0.4 

1.3  ±0.7 

2.7±0.3 

0.57 

*)  Fit  to  NBS  data  only. 

Fit  to  Stanford  data  only. 

*)  Fit  to  NBS  plus  Stanford  data. 

■*)  Uncertainties  quoted  have  been  adjusted  by  x^/f- 


Table  2 

Form  factor  constants  in  the  intermediate-coupling  vibrational  model 


Excited  state 

At 

^2 

^2 

4+  1.27  MeV 

0.320 

0.157 

-0.732 

i*  Z23  MeV 

0.105 

0.051 

-1.119 

4*  3.51  MeV 

0.242 

0.117 

0.528 

Table  3 

”P  E2  transition  strengths  in  Weisskopf  single-panicle  units 


1.27  xMeV,  4* 

B(E2,  co)| 
2.23  MeV.  4* 

3.51  MeV,  4+ 

Ref. 

This  experiment 

6.0  ±0.9 

6.9±0.3 

2.7  ±0.3 

Previous  e.xperiments 

4.6  ±0.3 

6.4±0.4 

1.9  ±0.4 

Twin  et  al.,  expt. 

3.8±1.0 

7.3  ±0.7 

Glaudemans  et  al.,  theory 

4.7 

5.1 

0.01 

Castel  et  al.,  theory 

2.8 

13.5 

3.5 

’) 

Present  calculation 

3.2 

8.7 

6.1 

Castel  et  al..  Can.  J.  Phys.  48  (1970)  1490 

12 

P.W.M.  Glaudemans  et  al.,  Phys.  Lett.  28B  (1969)  645 

21 

P.M.  Endt  et  al.,  Nucl.  Phys.  A214  (1973)  1 

22 

P.J.  Twin  et  al.  J.  of  Phys.  A7  (1974)  1410 
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REF.  NO. 

75  K1  3 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

LFT 

1-  4 

D 50-250 

MAG-D 

DST 

q (fm‘*) 


Fig.  2.  Plot  of  converted  form  factors  squared  for  the  J*  (1.27 
MeV),  (2.23  MeV)  and  I*  (3.51  MeV)  slates  in  ^‘P  versus  q.  The 
data  points  were  obtained  at  NBS.  The  solid  curve  is  the  fit  using  the 
distorted-wave  code  DUELS.  The  dashed  curve  is  the  distortion  cor- 
rected and  normalized  (cf.  text)  form  factors  squared,  calculated  in  the 
intermediate-coupling  vibrational  model. 

I 

I 


1.27,  2.23,  3.51  ME^ 


Fig.  3.  Plot  of  converted  form  factors  squared  for  combined  NP'^ 
and  Stanford  data  on  the  I*  (2.23  MeV)  state.  The  crosses  are  t;.*; 
U.  Mass-NBS  data  and  the  circles  are  the  U.  Mass-Stanford  data.  The 
solid  curve  is  the  fit  using  the  distorted- wave  code  DUELS.  The 
dashed  curve  is  the  distortion  corrected  and  normalized  (cf.  text) 
form  factors  squared  calculated  in  the  intermediate-coupling  vibration- 
al model. 
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REF.  NO. 

78  Bu  9 


RS 


EXCITATION 

SOURCE 

DETECTOR 

REACTION 

RESULT 

ENERGY 

TYPE 

RANGE 

TYPE  range 

ANGLE 

G,2P 

ABY 

21-640 

C 

75-640 

ACT- 1 

4PI 

G.2PN 

ABY 

30-640 

c 

75-640 

ACT- 1 

4PI 

G,3P 

ABY 

31-640 

c 

75-640 

ACT- 1 

4PI 

G,3PN 

ABY 

40-640 

c 

75-640 

ACT- 1 

4PI 

The  yields  of  the  (y,2p)  reaction  on  ^°Si  and  of  the  (y,2p),  (y,2pn)  (y  3d)  and  (v 
reactions  on  -p  have  been  measured  as  a function  of  tt  mal^^^m  bri^sslr^ 
energy  m the  range  75^40  MeV.  The  cross  sections  have  been  deduced  and  are 
compared  to  Monte-Carlo  calculations.  The  magnitude  of  the  cross  sections  in  the  enerzv 
range  above  the  threshold  for  the  photoproduction  of  mesons  is  also  discussed  usine  a 
sunple  anal3dical  approach.  ® 


Rg.1.  The  Glled  circles  show  measured  yields  as  a funaion  of  the 
maximum  bremsstrahlung  energy.  The  meaning  of  the  solid  lines, 
the  hatched  areas  and  the  plus  signs  is  given  in  the  te.Tt 


TiWeZ.  Reaction  thresholds.  CR  atsd  QD  normalizationfactors  and 
calculated  mean  cross  sections  for  the  different  reactions 


Reaction 

Thresh- 

old 

(MeV) 

Nor- 

mali- 

zation- 

factor 

(200-640  MeV) 

GR  and  QD 
reference 

’”S.(7.2p) 

240 

0.67 

715  ± 3.9 

[12J 

"Plv.2p) 

20.8 

0.98 

88.3  ± 7,8 

[H] 

ly.2pn) 

30.2 

1.3 

197.  ±19 

[11] 

(V.3p) 

31.3 

1.2 

5.1±  1.0 

[12] 

(7.3p«) 

39.8 

1.0 

4l.6±  1.8 
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ENERGY 
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TYPE  range 
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THR*5 

C *5 

SCD-D 

UKiN 
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(4.5) 

Photonaciear  reactions  in  the  targets  *^AJ.  ”Si,  ^'P,  ”S,  and  **^Ca  have  been  studied  for  maximum  *GEV  5=4.5  GEV 

bremsslrahlung  energies  of  2,  2.4,  3,  and  4.3  GeV.  The  yields  of  the  residual  nuclei  ’Be,  "C,  '^N,  ‘*F, 

^Na,  and  ^'Na  were  measured  by  means  of  a germanium-lithium  semiconductor  detector  with  a sensitive 
volume  of  30  cm^.  In  discussion  of  the  results  we  took  into  atxount  the  contribution  of  the  low  energy  part 
of  the  bremsstrahlung  spectrum.  Comparison  of  the  measured  yields  with  estimates  calculated  by 
Rudstam's  formula  permitted  us  to  conclude  that  there  is  a dilTerence  in  the  mechanism  of  formation  of 
the  light  fragments  ’Be,  "C,  and  '’N  from  that  of  the  other  residual  nuclei  '*F,  ”Na,  and  “Na. 


T.\BLE  U. 


■w'acaofl  m*.-0 

7«tO> 

•7c«yT*.*i 

ac«v 

c*v 

JCt* 

*»c«v 

A1  t«TfM 


•*C 


»»N 

•’C 


•FU 


au**one 

arft0.oc3 

o.ti7*aoi3 


Oil 

iji«o.as 

00SU0CD4 

QlKM«0.U15 


nJt 

IUSaO.IS 


(UTsO.Oi 


QJi^aoi 


0L37i^4b4 

auassoui 

O.KMMQSgt 


OJ^sO.OS 


SI  Uf»rt 
1=*A<U 

OlMcOOC 

9 Ucart 


S 


0J7 

a4s0.03 

ojn:*i<xocr. 

0.12±0.08 


I o:9ro.as 

O.OQazUOi 

aif^ziiua 


0«7 

197*0.1 
QJU*uOt 
0023*0  OM 
O.IO:*OJ>15 

oj«o<n 


o3«o.oe 

t.r*<iLi 

ojs*g.(s 

O-O^^OiX 
0 i:izo.<r7 
QJC±004 


I OJUzOlOS  I 

I I 


O2U«i0] 

ox«o.oi 

QLm*ooo 

c&iiaoi 


0La*oo( 

aM7«Oflt 


arnOft?  ai4s0iS 

o.m«ai3s 

Q.U2aOga 

(uuooi 
Q taryst 


o^tAm 

a?7«o.oi 

OOMQC 

au«o.os 


I ojzaooi  I ea^offi 

I OJMOt  I 0l21«CM 


K Uri>t 


91^03  t OJbOiB 

i 


I ont>flg»  I 
I Q4»*<LflQ5  I ILllftOitt 


aoMos 


j 0.123*0312  j aa*0.0f3  J 

C»  UrfR 

] aoo*4oi  I au*0L0i2  i 
ojtj*o.o: 

1 1 4243*0  ga  1 


091 

0«M 

0» 

0.0127 

o.tnt 


434  . 

I.IT 

03S 

0flC»7 

0.107 

0201 


4CS 

0424 

0J9I 


0417 

0300 

0.204 

0004 

0.130 

O^M 


0217 

Ott 


oie 

01 


0147 

021 

023 


03S 

o«a 

t.O 
OM 
13  10* 
138-10» 


0 43 
2.30 
100 
7^ 
3-2  10* 
0.2101 


0.7J 

ZOS 

IJt 


Lt 

iM 

tn 

ZSO-19 

t^l9 

IM* 


U 

7.13 


2 

7Ji 


U 

037 

U-19 


Data  for  Cl  and  K targets  previously 
published  in  Reference  11. 
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Analysis  of  data  in  reference  4. 


POLARIZED  PROTONS 


Measuremenu  of  cross  sections  and  analyzing  powers  are  examined  for  polarized  proton  capture  on  “C, 
**Fe,  ’*Fe,  ^*F^  ”Co,  and  “Sr  at  energies  which  cover  the  giant  dipole  resonance  region.  These  data 
are  used  to  extract  the  reiative  amplitudes  and  phases  of  the  contributing  E 1 T-matrix  elements.  A typical 
result  exhibits  two  solutions.  Calculation!  using  the  direct  (or  a direct-semidirect)  capture  model  appear  to 
provide  a means  for  choosing  the  physical  solution. 


'nuclear  REACTIONS:  “C(/.y,  ).  ).  Mpefp.y,  ), 

**Fe(p,  y,).  *’Co(^,  y, ),  ”Sr(p,  y,  );  measured  o(0)  and  A(9)  over  energy  region 
of  the  giant  dlpola  resonance.  Deduced  T-matrix  amplitudes  and  phases.  Com- 
pare results  to  direct-semidirect  model  calculations. 


FIG.  1.  The  two  solutions  (dots  and  x’s)  resulting  from  a pure  El  analysis  of  the  data  are  shown  along  with  the  results 
of  the  calculation  for  target  nuclei  of  ‘^C,  **Sr,  and  ”S1.  The  remaining  cross  section  in  the  case  of  '^C  and  ®*Sr  is  due 
to  the  Si/j  matrix  element.  In  the  ease  of  ’®Sl  It  arises  from  thep^  j matrix  element.  The  error  bars  represent  typi- 
cal statistical  errors  associated  with  the  data  points.  The  amplitudes  are  presented  In  terms  of  the  percentage  of  the 
total  cross  section  for  which  they  are  responsible.  The  curves  represent  DSD  calculations  as  described  in  the  text. 

The  dashed  curves  In  the  case  of  ”Sr  were  obtained  using  the  optical  model  parameters  of  Ref.  16  while  the  solid  lines 
were  obtained  from  the  parameters  of  Ref.  13. 
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Table  1 


Summary  of  ihe  angular  disiribution  results  for  ' '®Si(p,  /)"  ' ^ ' P resonances  and  comparison  with  previous' 

values 


Reaction 

(MeV) 

Transition 

(MeV) 

"2 

"4 

present  *) 

previous 

present  *) 

previous 

“Sit  p. 

0.37 

T - 1.95 

0.52  ±0.02 

0.372  ±0.036*) 

-0.19±0.03 

0.097  ±0.071  *) 

r - 1.38 

-0.79  + 0.02 

-0.809  ±0.041  *) 

-0.01  ±0.03 

0.026±0.074  *) 

1.38-0 

-0.58  + 0.03 

-0.568  ±0.017*) 

-0.05  ±0.04 

-0.017±0.031  *) 

1.95  - 0 

0.19  ±0.02 

0.211  ±0.039  *) 

0.13±0.03 

0.1 20  ±0.080*) 

1.38 

r - 1 .95 

-0.83  ±0.03 

-0.55  ±0.55') 

0.14±0.05 

0.01  ±0.07') 

r - 1.38 

0.67  ±0.02 

0.51  ±0.09') 

-0.47  ±0.02 

-0.25  ±0.09') 

1.38-0 

-0.61  ±0.03 

-0.59  ±0.05') 

-0.03  ±0.04 

1.95-0 

0.41  ±0.02 

0.44  ±0.07') 

-0.34  ±0.03 

-0.30  ±0.07') 

1.65 

r - 0 

-0.43  ±0.03 

-0.53  ±0.04') 

-0.03  ±0.04 

“Sitp.  -/)^“P 

0.42 

r - 0.71 

0.30  ±0.02 

0.01  ±0.03 

r - 0.68 

-0.37  ±0.02 

0.00  ±0.04 

'“Sitp.vl^'P 

0.50 

r - 0 

-0.49  ±0.03 

-0.39  ±0.01  ") 

0.00  ±0.02 

-0.01  ±0.01  ") 

-0.41  ±0.02  ') 

0.62 

r - 0 

0 

0 

0.78 

r - 0 

-0.40±0.02 

-0.31  ±0.01  ') 

0.01  ±0.04 

0.94 

r - 0 

-0.83  ±0.03 

-0.72  ±0.02') 

0.05  ±0.05 

0.98 

r - 0 

-0.65  ±0.03 

0.07  ±0.04 

The  and  £,  values  are  taken  from  ref. 

')  The  coefficients  are  corrected  for  finite  solid  angle  of  the  Ge(Li)  detector  ^°).  The  correction  due  to  the 
finite  size  of  the  beam  spot  on  the  target  is  negligible  and  is  considered  to  be  included  in  the  uncertainty  of  the 
target-to-detector  distance,  50  + 2 mm. 

“)  Ref.  '■)  Ref.  '*)  Ref.  ')  Ref.  ^‘). 


Table  2 


Summary  of  the  present  strength  measurements 


Reaction 

Transitions 

Branch- 

•^lib 

(keV) 

(MeV) 

>ng*)(°;) 

eV/(10’’  at/cm^)  (eV) 

“Si(p.  v)^’P 

370 

r-  1.95 

30±2 

1.04 

14.1 

(5.5  +0.8)  X 10"^ 

r 1.38 
1.38-0 

70±2 

70±2 

1.00 

1.01 

(5.4  ±0.5)xl0-^  t5  6-041xl0-^ 
(5.6  ±0.4) X 10-^  (5.6_0.4)xl0 

1.95  - 0 

27±2 

0.97 

(5.7  ±0.8) xlO'^ 

1381 

r - 1.95 

5I±1 

0.97 

6.8 

(103  +8)xl0*^ 

r - 1.38 
1.38-0 

46±1 

49±1 

i 1.09 
'.  1.01 

(84  ±8)xl0-^  , 

(89  ±10)xl0-^  (92±8)xl0 

1.95  - 0 

5!±1 

1.07 

(93  ± 9)x  10'^ 

1652 

r - 0 

93±1 

1.00 

6.1 

9.0  ±0.7 

2088 

r - 0 

91  ±2 

1.19 

5.1 

0.95±0.14 

“Si(p.  -/l^P 

416 

r - 0.71 

33±1 

1.00 

13.3 

1.09±  0.35  1.04  + 0.10 

r - 0.68 

57±1 

1.00 

“Si(p.;yP 

499 

r - 0 

52  ") 

1.00 

12.1 

0.33  ±0.05 

620 

r - 0 

95  ±1 

1.00 

10.8 

5.0  ±0.3 

777 

r - 0 

68  ") 

1.00 

9.5 

1.2  ±0.2 

942 

r - 0 

66  ■*) 

1.00 

8.5 

2.0  ±0.3 

983 

r - 0 

70  ■*) 

1.00 

8.3 

2.0  ±0.3 

The  and  £,  values  are  taken  from  ref. 

•)  All  values  given  are  relative  to  the  value  of  100  for  the  total  intensity  for  the  decays  of  the  resonance 
state. 

")  As  deduced  from  the  angular  distribution  data  obtained  in  the  present  experimental  geometry.  Thus  the 
solid  angle  attenuation  is  taken  into  account  experimentally.  Error  limits  are  within  1 
‘)  Ref.  •■*),  Error  limits  estimated  to  be  +5  %. 

■*)  Ref.  ’).  Error  limits  estimated  to  be  +2  %. 
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REF.  M.  Riihonen,  J.  Keinonen,  A.  Anttila 
Nucl.  Phys.  A3T3,  251  (1979) 


EL  EM.  SYM. 


31 


15 


METHOD 


79  Ri  2 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

NOX 

7-9 

D 0-1 

SCD-D 

DST 

(7.78-8.25) 

(.50-. 98) 

.abstract:  The  absolute  resonance  strengths  of  the  reactions  have  been  studied.  New 

values  for  the  frequently  used  standard  resonances  at  = 370,  416  and  620  keV  in  the  above 
reactions,  respectively,  have  been  determined.  In  addition,  the  strengths  of  the  '*Si(p,  •/)"'*? 
resonances  at  = 1381,  1652  and  2088  keV  and  of  the  four  dominant  ^°Si(p,  v)^'P  resonances  at 
= 499,  777,  942  and  983  keV  have  been  determined.  The  branching  ratios  and  angular, 
distributions  of  the  v-rays  used  in  the  determinations  were  obtained  in  the  same  experimental  set-up 
as  the  strength  measurements.  Using  these  revised  resonance  strengths,  the  astrophysical  reaction 
rates  of  hydrogen  burning  of  ^“Si  in  explosive  carbon  burning  have  been  deduced.  The  reaction 
rates  found  for  hydrogen  burning  of  '^"Si  in  the  stellar  temperature  region  of  r = (0.3-10)x  lO’K 
are  compared  with  Hauser- Feshbach  calculations. 


STELLAR  REACTION  RATE 


NUCLEAR  REACTIONS  -*Si{p,  •/).  E = 0.37,  1.38,  1.65,  2.09  MeV;  -’SKp,  y), 

McV,  ’“Si(p,  >•),  £ = 0.50,  0.62,  0.78,  0.94.  0.98  MeV;  measured  7,(0). 

resonances  deduced  '/-branchings,  resonance  strengths.  Ge(Li)  detector.  Natural  and  enriched 

targets. 


”Si( 

1.01 

1.00 

Q99 

P,7)”P  E 

pj520kev  r — OMeV 
1 . 1 1 . 

rn 

Q5  0 Q5  1.0 

'•si(p,7)”P  Ep.3 
r— .1.38  MeV 

-ae 

70  keV 

133-0  MeV 

J 

Lva  r— L95^^^  ^ 

195—0  Mev  J 

I 

*’3i(p,7)”p  £p  = 4 
-i,Ov  r— 0.68  MeV 

■08 
■0.6 

16  keV 

-14  r-0.71MeV  .. 

-12 

-104-'^ 

0 0.5  0 05  -LO 

cos  w 

Fig.  I.  The  results  of  angular  distribution  measurements  of  the  standard  resonances  at  E,  = 370.  416 
and  620  keV  in  ihe  ’"Slip.  '^‘P  reactions.  In  the  case  of  the  £„  = 620  keV  resonance,  the 
experimental  points  are  shown  without  eccentricity  or  absorption  corrections.  In  other  cases  these 
corrections  have  been  made.  The  solid  lines  are  the  iitted  curves  ol  ihe  lorm  IF(0)  = 1 ,(cosJ) 

i- u^Pilcos  0). 
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TABLE  I.  The  Ag,  a,  and  Ag  coefUclents  obtained  from  least  squares  fits  to  tbei ’°Sl(p, yg) 
data  with  Eqs.  (1)  and  (2),  respectively.  Tbe  coefficients  are  given  below  the  coeffi- 
cients at  each  energy.  Also  given  In  tbe  two  right-hand  columns  are  the  values  obtained 
when  the  data  were  fitted  directly  to  the  r-matrix  element  amplitudes  and  relative  phases  as 
described  in  the  text.  The  errors  given  for  the  Ag  values  are  statistical. 


Ep 

(MeV) 

A. 

(pb/sr) 

oj/hj 

a^/b^ 

X* 

X*U0'’ 

6.36 

10.6*0.2 

-0.03*0.01  -0.70*0.02 

-0.05*0.03 

-0.10*0.04 

4.0 

3.4 

3.4 

0.02*0.03  0.03*0.01 

0.04*0.01 

0.02*0.02 

2.4 

7.46 

10.6*0.3 

0.04*0.01  -0.97*0.02 

-0.65*0.03 

-0.05*0.04 

1.0 

0.7 

0.7 

-0.09*0.03  -0.02*0.01 

0.05*0.02 

-0.02  ±0.02 

0.3 

8.40 

14.2*0.3 

0.19*0.01  -0.64*0.02 

-0.00*0.02 

0.02*0.03 

0.9 

0.6 

0.6 

-0.07*0.02  -0.10*0.01 

-0.02*0.01 

-0.01*0.01 

0.5 

8.31 

13.1*0.3 

0.19*0.01  -0.81*0.02 

-0.09*0.03 

0.06*0.03 

1.5 

2.2 

1.8 

-0.08*0.02  -0.12*0.01 

0.02*0.01 

0.03*0.01 

2.2 

8.85 

10.0*0.3 

0.24*0.02  -0.69*0.02 

-0.15*0.03 

-0.05*0.03 

1.1 

1.2 

2.4 

0.01*0.03  -0.07*0.02 

-0.03*0.02 

-0.00*0.02 

1.5 

10.23 

10.3*0.2 

0.18*0.01  -0.88*0.62 

-0.21*0,03 

-0.09*0.03 

1.0 

1.1 

1.1 

-0.07*0.02  0.21*0.01 

0.07*0.01 

0.02*0.01 

1.1 

11.01 

7.3  ±0.1 

0.15*0.01  -0.74*0.02 

-0.04*0.03 

-0.03*0.03 

0.9 

1.0 

0.8 

-0.01*0.02  -0.18*0.01 

-0.02*0.01 

-0.02*0.01 

0.9 

12.00 

5.7  *0.2 

0.13*0.01  -0.48*0.02 

-0.16*0.03 

0.03*0.03 

0.7 

0.8 

1.0 

-0.07*0.03  -0.27*0.02 

-0.01*0.02 

0.01*0.02 

0.8 

12.85 

6.6  ±0.1 

0.16*0.01  -0.91*0.02 

-0.12*0.03 

-0.07*0.03 

1.8 

1.1 

1.1 

0.01*0.02  -0.03*0.01 

-0.02*0.01 

-0.02*0.01 

0.6 

13.78 

6.0±0.1 

0.13*0.01  -0.81*0.02 

-0.16*0.03 

0.04*0.03 

2.7 

2.2 

2.7 

-0.03*0.02  -0.07*0.01 

0.02*0.01 

0.01*0.01 

1.9 

14.63 

7.3  *0.2 

. 0.17*0.01  -0.91*0.02 

-0.18*0.03 

-0.05*0.03 

1.3 

1.2 

1.2 

0.01*0.02  -0.03*0.01 

0.00*0.02 

-0.00*0.01 

0.6 

14.95 

3.6  ±0.1 

0.23*0.01  -0.93*0.02 

-0.24*0.03 

-0.12*0.04 

0.5 

0.7 

0.7 

-0.03*0.02  -0.05*0.01 

0.02*0.02 

0.01*0.02 

0.7 

* Set  I,  see  text.  Set  n,  see  text. 


4.  IVplcal  cross  section  and  analyzing  power 
***Sular  distribution  for  ^’SKp,  yg)’‘P.  The  errors  are 
•^•ttatlcal.  The  solid  lines  are  fits  through  fourth  order 
I«gendre  aixl  associated  Legendre  polynomials. 
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FIG.  9.  The  Og  and  5g  coefficients  for  the  ’“sKp.yg)**? 
reaction.  As  discussed  In  the  text,  the  curves  are  the 
results  of  OSD  model  calculations  with  the  following 
conditions:  dotted  curves— complex  dipole  form  factor, 
solid  curves— real  dipole  form  factor,  and  dot-dashed 
curves — real  dipole  form  factor  with  semldlrect  iso- 
acalar  quadrupole  form  factor  set  to  zero. 
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DEFINITIONS  OF  ABBREVIATIONS  AND  SYMBOLS 


Note:  In  this  list  defimtions  are  given  for  various  photoneutron 

reactions  in  which  the  following  symbols  are  used:  N,  NL,  nN,  SN  and  XN. 

Corresponding  definitions  apply  for  reacti ons  i nvol vi ng  other  nuclear  particles 
where  the  symbols  N (neutron)  is  replaced  by,  e.g.  P,  D,  T,  HE,  A etc.  Where 
unknown  reactions  result  in  the  production  of  a specific  radionuclide,  the 


chemical  symbol  and  mass  number  is  listed 
reaction  in  ^^Co. 

A alpha  particle 

ANAL  analysis 

ABI  absolute  integrated  cross-section 

data 

ABX  absolute  cross-section  data 

ABY  absolute  yield  data.  Often  means 

cross-section  per  equivalent 
quantum  is  listed. 

ACT  measurement  of  induced  radio- 

activity of  the  target 

ASM  asymmetric,  asymmetry 

AVG  average 

BBL  bubble  chamber 

BEL  reduced  electric  radiative 

B(EL)  transition  probability 

BF3  BF3  neutron  counter  with  moder- 

ator e.g.,  Halpern  detector, 
long  counter 

BML  reduced  magnetic  radiative 

transition  probability,  B(ML) 

BREAKS  levels  located  by  "breaks"  in  the 

I yield  curve 

1 

3RKUP  breakup 

BRMS  bremsstrahlung 

3TW  between 

C continuous.  Used  to  describe  a 

I photon  source  or  a detector 


as  the  reaction  product,  e.g.  a G,MA22 

response  function.  Contrast 
with  D = discrete. 

CCH  cloud  chamber 

CF  compared  with 

CHRGD  charged 

CMPT  Compton 

COIN  coincidence,  coincide 

COINC 

COH  coherent 

CK  Cerenkov 

D deuteron  or  discrete.  When 

discrete,  it  is  used  to 
describe  a photon  source  or 
a detector  response  function. 
Contrast  with  C = continuous. 

DLTE  energy  loss 

DLTQ  momentum  transfer 

DST  distribution 

DT  BAL  detailed  balance 

E electron 

E/  inelastically  scattered 

electron 

E+  positron 

EDST  energy  distribution  or 

spectrum 

E/N  used  only  to  indicate  a coinci 

dence  experiment  as  in  (E,E/N) 


541 


I 


'f 


I' 


) 

I 


I 


N stands  for  any  outgoing 

KE 

kinetic  energy 

particle  measured  in  coinci- 

dence  with  an  inel astical ly 

L 

may  be  an  integer  or  zero 

scattered  electron.  Distin- 

that  always  follows  a reaction 

guish  from  eg.,  (E,N)  which  is 

product  symbol.  This  is  used 

used  to  represent  an  electron 

to  indicate  transitions  to 

induced  reaction  when  only  the 

specific  states  in  the  residual 

outgoing  particle  N is  detected. 

nuclide.  When  the  letter  is 

used  as  in  (G,NL)  the  cross 

EMU 

emulsions  (photographic  plates) 

section  given  is  that  for  the 

sum  of  transitions  to  two  or 

EXCIT 

exci ted 

more  specific  final  states. 

F 

fi ssi on 

LFT 

excited  state  lifetime 

FMF 

form  factor 

LIM 

1 i mi  t 

FM-1 

inverse  femtometers 

LV,LVS 

level,  levels 

FRAG 

fragment 

LQD 

1 iqui d 

G 

photon 

MAG 

magnetic  spectrometer 

G/ 

inel astical ly  scattered  photon 

MEAS 

measurement! s ) 

G-WIDTH 

gamma-ray  transition  width 

MGC 

magnetic  Compton  spectrometer 

HAD 

hadrons,  hadron  production 

MGP 

magnetic  pair  spectrometer 

HE 

^He  particle 

MOD 

moderated  neutron  detector  not 

He3 

employing  a BFg  counter,  e.g. 

rhodium  foil,  Szi 1 ard-Chalmers 

I NT 

interaction,  integral. 

reaction,  ^He,  ^Li  reactions. 

intensi ty 

GD  loaded  liquid  sci nti 1 1 ator, 

etc. 

INC 

i ncl udes 

MSP 

mass  spectrometer 

ION 

ionization  chamber 

MULT 

multiple,  multi  pole,  multiplicity 

ISOB 

i sobari c 

MU-T 

used  only  in  combination  with  G 

ISM 

i somer 

to  indicate  a total  photon 

absorption  cross  section  measure- 

J 

multiplicity  of  particle 

ment,  i.e.  (G,MU-T) 

defined  by  following  symbol 

e.g.  (G,PJN)  with  remark 

N 

neutron  (see  also  XN  and  SN). 

J = 2, 3, 5, 7 

The  notation  (G,N)  is  used  to 

indi  cate  a reacti on  i n whi  ch  only 

JPI 

spin  and  parity  of  a nuclear 

a single  neutron  is  emitted,  i.e. 

J-PI 

state 

the  reaction  that  can,  in  many 

cases,  be  measured  by  observing 

K 

second  multiplicity  index,  e.g. 

the  radioactive  decay  of  the 

(G,JPKN)  with  both  J & K posi- 

residual  nuclide. 

tive  integers  greater  than  1 

542 
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■ 4 


.i 

i 

i 


'’i 

i 


! 


^1 

: i 
t 


s 


nN 

where  n is  any  integer.  (G,nN) 

SN 

sum  of  neutron  producing 

indicates  the  sum  over  all 

reactions,  c(  Y,SN)=a(y,N) 

reaction  cross  sections  in  which 

+ a(Y,HP)  + a(Y,2N)  + o(y,3H) 

n neutrons  are  emitted. 

+ etc. 

NAI 

Nal(Tl)  spectrometer 

SPC 

photon  or  particle  energy 
spectrum 

NEUT 

neutron(s) 

SPK 

spark  chamber 

NOX 

no  cross-section  data 

SPL 

spallation 

P 

proton  (see  also  XP) 

STAT 

stati  stical 

PART 

parti  cl e( s) 

SYM 

symetric,  symmetry 

PHOT 

photon(s) 

T 

tri ton 

PI 

pion,  usually  written  as  PI+, 
PI-,  PIO  to  indicate  charge 

TEL 

counter  telescope 

POL 

polarized  or  polarization 

THR 

threshold  for  reaction  or 
threshold  detector,  e.g.. 

Q-SQUAR 

momentum  transfer  squared  (q^) 

2^Si ( n, p)29a1 . 

RCL 

recoi 1 

TOP 

time-of-fl ight  detector 

REL 

relative 

TRK 

tracks  of  particles  or  frag- 
ments observed  in  solid 

RLI 

relative  integrated  cross- 

materials  (glass,  mylar,  etc.) 

section  data 

TRNS 

transi ti on 

RLX 

relative  cross-section  data 

UKH 

unknown 

RSP 

reaction  spectrometer 

UNK 

RLY 

relative  yiel d data 

VIB 

vi brati onal 

SCTD 

scattered 

VIR  PHOT 

virtual  photon(s) 

SCO 

semiconductor  (solid  state) 

XN 

all  neutrons,  total  neutron 

detector 

yiel  d,  a (y  ,XN)  = a(Y>H)  + 2 a 

(Y,2H)  + 3c(y,3H)  +a(Y,NP)  + etc. 

SCI 

scintillator  detector  other  than 
Hal,  e.g.,  Csl,  KI,  organic 
TTTquid  or  solid),  stilbene,  He 

XP 

all  protons,  total  proton  yield 
'7(Y,XP)  = a(Y,P)  + a(Y,HP)  + 

2a(Y,2P)  + etc. 

SEP 

separati on 

XX 

reaction  products  defined  in 

SEP  ISOTP 

separated  isotope  used 

XXX 

REMARKS 

SIG 

SIGMA  (cross  section) 

YLD 

yiel  d 
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products  was  determined. 
The  polarized  particle  is 
indicated  in  REMARK S . 


a 4 TT  geometry  was  used  or  a 
method  like  radioactivity  or  a 
total  absorption  measurement 

energy  defined  in  REMARKS  * or  @ 

indicates  the  measurement 
involved  beams  or  targets 
that  were  either  polarized 
or  aligned,  or  that  the  polar- 
ization of  the  reaction 


symbols  used  to  indicate  that 
the  units  associated  with  the 
numerals  on  one  or  both  sides 
of  the  symbol  in  a specific 
column  are  not  MeV.  The  units 
are  defined  in  REMARKS. 
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